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iv. Summary 
Kenya, which has over 85% of the dairy cattle population in East Africa, dominates 
dairy production and marketing in the region. Today most of Kenya’s 3 million dairy cattle 
are kept by smallholders who are concentrated close to urban consumption centres. Therefore, 
the peri-urban dairy sector plays an important role in the livelihood of smallholders in Kenya. 
But the sector is facing many constraints among which, poor husbandry practices, poor 
hygiene, and poor milk handlings are recognised as the major technical challenges. These 
constraints may lead to high prevalence of livestock diseases such as brucellosis that 
contaminate milk and milk products and threaten the health of consumers. The objectives of 
the present study were to describe the husbandry practices applied by the smallholder dairy 
farmers in a peri-urban area in Kenya, determine the prevalence of brucellosis in the area and 
to test whether the prevalence of brucellosis is influenced by the breed kept and husbandry 
practices applied by the farmers. 
One hundred farms and 20 milk shops (retailers) were surveyed in Kasarani Division 
(around Nairobi) using a questionnaire with open and closed questions to collect data about 
husbandry practices and perception of the farmer on brucellosis. Unboiled milk samples were 
collected in each farm and the 20 shops surveyed and investigated for Brucella abortus and B. 
melitensis using Milk Ring Test (MRT) and indirect ELISA. Finally, a focus group discussion 
was conducted in order to collect other information about the availability of feed throughout 
the year, advantages and disadvantages of the different marketing channel, the issue of 
hygiene and their knowledge, practices and attitudes about bovine and human brucellosis. The 
discussion lasted for two and half hours. 
 The study showed that 2 dairy systems prevail in the area; semi-zero grazing (14%) 
and zero grazing (86%). The main feedstuffs used were Pennisetum purpureum (Napier grass) 
which was the predominant feed (96%), followed by dairy meal (90%), crop residues (84%) 
and natural grass (77%). Brewery waste, hay and poultry waste were also used at a lower 
extend. Crossbreds are widely used in the area (53%), followed by pure exotic breeds (33%) 
and very few local breeds (8%). Friesian is the predominant breed found in the farms (79%) 
followed by Ayrshire (44%), Guernsey (14%) and local breeds (8%). The mating technique 
which prevails in the area is artificial insemination (86%). Cows were milked with hands in 
99% of the farms and the milk marketing is dominated by the informal market in which 66% 
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of farmers sell their milk directly to consumers, 26% of farmers sell milk to milk sellers and 
only 7% sell milk exclusively to cooperatives.  
 The result from MRT revealed an apparent prevalence of 6.9% in zero grazing farms, 
0% in semi-zero grazing farms, 7.5% in crossbreds, 5% in pure exotic breeds and 0% in local 
breeds.  ELISA showed a prevalence of 0% irrespectively of the system and the breed. At 
market levels MRT and ELISA did not reveal any case of brucellosis. Nevertheless, the study 
noted some practices such as feeding with natural grasses (77%), grazing (14%), and the use 
of bull service for breeding (8%) which are likely to expose cattle to brucellosis. Despite the 
absence of brucellosis revealed by ELISA, 3% of farmer reported to have got a case of 
brucellosis in the family. 
 Only 24% of farmers were aware of the existence of brucellosis as a potential disease 
while of these, only 8% had knowledge of brucellosis transmission. Risks for man to contract 
brucellosis was very low considering the fact that milk was boiled prior to consumption in all 
households and shops visited. However, 2% and 100% of dairy farmers and milk sellers 
respectively made fermented milk without boiling milk; this practice may predispose people 
to brucellosis. In addition, 10% of farmers still handle aborted foetus with bare hands and are 
therefore exposed to brucellosis. The proportion of dairy farmers who had knowledge that 
cattle can transmit brucellosis to man was very low (8%). At market level, only one seller 
knew that brucellosis can be transmitted to man through milk.  
 Education of dairy farmers and milk sellers on the transmission pathways and risk of 
brucellosis is required in order to keep the prevalence of brucellosis low in Kasarani division. 
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v. Zusammenfassung 
Kenia dominiert mit mehr als 85% der gesamten Milchviehpopulation Ostafrikas die 
Milcherzeugung und –vermarktung der Region. Gegenwärtig wird der Großteil der 3 
Millionen Milchkühe Kenias von bäuerlichen Kleinbetrieben gehalten, welche vor allem in 
der unmittelbaren Nähe städtischer Ballungsräume aktiv sind. Aus diesem Grund ist die peri-
urbane Milcherzeugung eine wichtige Lebensgrundlage für bäuerliche Kleinbetriebe in Kenia. 
Jedoch hat dieser Sektor mit verschiedenen Problemen zu kämpfen. Bezüglich dessen werden 
unbefriedigende Haltungsmethoden, unzureichende Hygiene sowie der unbefriedigende 
Umgang mit Milch als die wichtigsten Probleme erachtet. Eine starke Verbreitung von 
Nutztierkrankheiten wie z.B. Brucellose, welche Milch und Milchprodukte verseuchen und 
die Gesundheit der Endverbraucher gefährden kann, ist die Folge. Die Ziele der vorliegenden 
Arbeit war es, die Haltungsmethoden der kleinbäuerlichen Milchviehbetriebe in peri-urbanen 
Gebieten Kenias zu beschrieben und die Verbreitung von Brucellose im Forschungsgebiet zu 
bestimmen. Dabei sollte untersucht werden, inwieweit die Verbreitung von Brucellose von 
den gehaltenen Rinderrassen sowie den praktizierten Haltungsmethoden abhängt.  
In der „Kasarani Division“ (in der Umgebung Nairobis) wurden 100 
Milchviehbetriebe und 20 Zwischenhändler befragt. Ein Fragebogen mit offenen sowie 
geschlossenen Fragen wurde angewandt, um Informationen über praktizierte 
Haltungsmethoden sowie über die Meinung der Betreiber hinsichtlich Brucellose zu sammeln. 
Proben von nicht abgekochter Milch wurden von jedem der 100 Betriebe und den 20 
Milchhändlern genommen und auf Brucella abortus sowie B. melitensis untersucht. Der 
“Milk Ring Test“ (MRT) und ein indirekter ELISA-Test wurden angewandt. Letztendlich 
wurde eine Fokusgruppendiskussion durchgeführt um zusätzliche Informationen zu erzeugen 
sowie um einige Aspekte zu verdeutlichen, welche im Fragebogen vernachlässigt wurden.  
Die Studie zeigt, dass im Forschungsgebiet zwei unterschiedliche Haltungsmethoden 
für Milchvieh angewendet wurden. Diese sind Stallhaltung mit wenig Weidegang (14%) und 
Stallhaltung ohne Weidegang (86%). Hierbei sind Pennisetum purpureum (Napier grass), 
Milchvieh-Kraftfutter (90%), Erntereste (84%) und Gras (natürlicher Aufwuchs, 77%) die 
wichtigsten Futtermittel. Brauereiabfälle, Heu und Geflügelkot wurden weniger verwendet. 
Kreuzungen von Rinderrassen waren weit verbreitet (53%), gefolgt von exotischen Rassen 
(33%). Nur wenige lokale Rassen (8%) wurden angetroffen. Holstein-Friesian Rinder (79%) 
waren am weitesten verbreitet, gefolgt von Ayrshire (44%), Guernsey (14%) und lokalen 
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Rassen (8%). Künstliche Besamung herrschte im Forschungsgebiet vor (86%). In fast allen 
Fällen (99%) wurden die Kühe von Hand gemolken, während der informelle Markt bei der 
Vermarktung der Milch eine Schlüsselrolle einzunehmen schien. Dabei verkauften 66% der 
Betriebe ihre Milch direkt an den Endverbraucher, während in nur 26% der Fälle 
Zwischenhändler im Spiel waren. Weitere 7% der Betriebe verkauften ihre Milch 
ausschließlich an Kooperativen.  
Die Ergebnisse des MRT zeigten ein Vorkommen von Brucellose in 6.9% der 
Stallhaltungsbetriebe und keine Brucellose-Fälle (0%) in den Betrieben mit etwas Weidegang. 
Die Ergebnisse des MRT zeigen darüber hinaus, dass 7.5% der Betriebe mit Kreuzungstieren, 
5% der Betriebe mit exotischen Rassen und kein Betrieb mit lokalen Rassen von Brucellose 
betroffen war. Mit dem ELISA-Test-Verfahren konnte hingegen kein einziger Fall von 
Brucellose nachgewiesen werden, weder in Abhängigkeit der Haltungsmethode, noch 
bezüglich der gehaltenen Rassen. Dennoch, bestimmte beobachtete Methoden in den 
Betrieben, z.B. die Fütterung mit natürlichem Aufwuchs (77%), Weidegang (14%), und das 
Zurückgreifen auf den Natursprung zur Deckung der Kühe (8%) könnten die 
Wahrscheinlichkeit der Übertragung von Brucellose auf die Tiere erhöhen. Obwohl das 
ELISA-Test-Verfahren keinen Fall von Brucellose nachweisen konnte, berichteten 3% der 
befragten Erzeuger über Fälle von Brucellose in ihrer Familie.  
Nur 24% der Erzeuger war das Vorkommen von Brucellose als potenzieller Krankheit 
bekannt und nur 8% davon waren mit den Übertragungswegen der Krankheit vertraut. Da 
Endverbraucher sowie Zwischenhändler die Milch normalerweise abkochen bevor diese 
verzehrt wird, kann das Risiko, dass sich Menschen mit Brucellose anstecken, als sehr gering 
eingeschätzt werden. Jedoch erzeugten 2% der Betriebe sowie alle Zwischenhändler 
fermentierte Milch ohne diese zuvor abzukochen und es kann angenommen werden, dass 
dieses Produkt ein erhöhtes Brucellose-Risiko für Endverbraucher mit sich bringt. Darüber 
hinaus werden Fehlgeburten in 10% der Betriebe nach wie vor mit bloßen Händen 
gehandhabt, was ein erhöhtes Risiko einer Ansteckung mit Brucellose nach sich zieht. Nur 
8% der Erzeuger war sich darüber bewusst, dass Rinder Brucellose auf den Menschen 
übertragen können. Auf der Vermarktungsebene konnte nur ein Zwischenhändler identifiziert 
werden, der wusste, dass Brucellose über Milch auf den Menschen übertragen werden kann.  
Wenn die Verbreitung von Brucellose in der „Kasarani Division“ niedrig gehalten 
werden soll, dann ist eine entsprechende Verbesserung des Wissens von Milcherzeugern 
sowie Zwischenhändlern hinsichtlich der Übertragungswege der Krankheit und der damit 
verbundenen Risiken dringend erforderlich. 
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1. Introduction 
During the 1990s, the percentage of people living below the poverty line of $1 a day 
had risen in developing countries. Sub-Saharan Africa countries are a good example in which, 
instead of reduction, poverty has increased dramatically in rural areas (Foeken 2005). This 
poverty increase in rural area has lead to massive movement of people from rural to urban 
areas, seeking for better living conditions (UNCHS 1996). Unfortunately, during the same 
period, urban areas in sub-Saharan Africa were particularly hardly hit by a declining economy 
and the resulting structural adjustment policies (Rakodi 1995). After this structural adjustment 
policy, life in the African urban areas has become more expensive, employment in the formal 
sector has gone down and real wages declined and did not meet with the price increases 
(UNCHS 1996). As a consequence, urban poverty has increased, a phenomenon commonly 
describe as an urbanisation of poverty (Lee-Smith 1994). Many urban households have been 
faced with a serious decline of their purchasing power. 
As a response to this poverty increase, urban populations in sub-Saharan Africa have 
developed numerous strategies, of which diversification of income sources is the most notable 
one. Indeed, a wide range of activities has been developed in an informal way (Lee-Smith 
1994). Among these activities, urban agriculture is the one which has expanded rapidly during 
the last decades. Nowadays, many urban households are growing crops and/or keeping 
livestock to improve their food situation and to diversify their income (Foeken 2000). Many 
studies have revealed the role of urban agriculture as providing employments, incomes and 
contributing to household food and nutritional security (Mougeot 2000). Regarding nutritional 
security, urban agriculture, especially urban dairy farming plays an important role in many 
East African countries by providing proteins, likely to be deficient in human diet in the region 
(Lathman 1997). Furthermore, rearing dairy cows has been integrated in the livelihood of 
urban population on many East African countries among which Kenya is the first milk 
producer.  
In fact, Kenya dominates dairy production, marketing and consumption in eastern 
Africa, with over 85% of dairy cattle population in the region, of which 80% are smallholder 
dairy farmers living in and around urban areas (Staal 1997). Nairobi is by far the largest urban 
market for milk and dairy products in Kenya. As a consequence most of the smallholder dairy 
productions are located in Nairobi and surroundings. This urban dairy farming in and around 
Nairobi has created a wide range of employments such as producers, shepherds, hawkers, 
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milk sellers and processors allowing them to have incomes and fulfil their basic needs (KSDP 
2004). Therefore, the smallholder urban dairy sector plays an important role in the livelihood 
of people in Kenya by providing milk to urban consumers and employments for a wide range 
of actors involved in the dairy sector. 
But the smallholder urban dairy sector in Kenya is facing many constraints among 
which, poor husbandry practices, poor hygiene, and poor milk handlings are recognised as the 
major technical challenges limiting smallholder dairy production (Lanyasunya 2001). These 
constraints lead to the occurrence of hazards along the production chain and livestock diseases 
capable to influence the safety of milk and milk products coming from these smallholder 
dairy farms. Among animal diseases, Brucellosis has been reported to be present in 
smallholder dairy herds in Kenya (Kang'ethe 2000) and therefore, contaminates milk and milk 
products and threatens the health of producers, traders and consumers involved in the urban 
dairy sector. 
Brucellosis is a bacterial disease caused by members of the genus Brucella (Brucella 
abortus, Brucella Mellitensis Brucella ovis, Brucella canis and Brucella suis). It is an 
important zoonosis (OIE 2007) and has a considerable impact on animal and human health as 
well as wide socio-economic impacts (Gebretsadik 2007). In animals, brucellosis causes 
significant loss of productivity diminished milk production, Brucella mastitis and 
contamination of milk (Mangen 2002). In humans, brucellosis can be a serious, debilitating 
and sometimes chronic disease that may affect a variety of organs (OIE 2007) and contributes 
to morbidity and reduction of working capacity with concomitant loss of income (Smits and 
Cutler 2004). 
 Brucellosis is usually transmitted to animals by contact with the placenta, foetus, 
foetal fluids and vaginal discharges from an infected animal (OIE 2002). In humans, 
brucellosis is transmitted from cattle, sheep, goats, pigs and camels, through direct contact 
with blood, placenta, foetuses or uterine secretions, and mainly through consumption of 
contaminated raw animal products, especially unpasteurized milk and milk products (WHO 
2005). Cattle are the major species at risk, and therefore, the major source of human infection 
in most countries. Many programs to eradicate the disease have been aimed largely at bovine 
brucellosis. Success has been achieved in developed countries (Young and Corbel 1989), 
where large-scale production systems, good husbandry practices, cold-chain pathways and 
milk pasteurization and packaging are the key features and, have played a key role (Omore 
and Staal 2004). 
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In developing countries, this is not the case and brucellosis remains a major animal 
and public health problem (FAO 2007), particularly in sub-Saharan Africa, where it is an 
important disease among livestock and people (Gebretsadik 2007). Many attempts have been 
done to overcome brucellosis in developing countries, based on the regulations for dairy 
production, marketing and health assurance derived from industrialised countries and 
reflecting the international standards of food safety. These models have invariably failed in 
many African countries such as Kenya, where smallholder dairy systems with poor husbandry 
practices, without cold-chain market pathways, currently dominate and will continue to do so 
in the foreseeable future (Omore and Staal 2004). 
 Smallholders dominate milk production in Kenya. These smallholder dairy farms are 
the major suppliers of marketed milk in cities in Kenya (Lanyasunya 2001). As a result, most 
of the consumers buy milk and dairy products coming from these smallholders that are 
completely outside any regulatory environment (Omore and Staal 2004), and are therefore, 
potentially exposed to brucellosis. 
Many serological studies indicate high farm-level prevalence of brucellosis in milk. 
Kagumba and Nandokha (1978) reported a prevalence of 10% bovine brucellosis in extensive 
production systems in Nakuru (Kenya), and Kadohira, (1997) reported a 2% apparent 
prevalence of bovine brucellosis in the smallholder system in Kiambu (Kenya) (Kang'ethe 
2000). 
There is a need to overcome brucellosis in smallholder farms, in order to provide safe 
milk and milk products to consumers in developing countries, and in Kenya in particular. 
Therefore, the International Livestock Research Institute (ILRI) is building capacities to 
improve safety of animal source products in Sub-Saharan Africa via a project called” Safe-
Food Fair-Food Project”, funded by the German Development Bank (BMZ). The present 
study is a part of this project and is focussing on milk-borne brucellosis in Kenya. The 
objectives of the study are to describe husbandry practices in smallholder dairy farms, 
describe the risk factors of brucellosis according to the breed kept, husbandry practices and 
milk processing and channels  and finally determine the prevalence of brucellosis in 
smallholder dairy farms around Nairobi, particularly in Kasarani Division.  
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2. Literature review  
2.1 Urban livestock production in sub-Saharan Africa 
Between 1980 and1990, many studies in developing countries noted a rapid increase 
of urban farming in the tropics and in Africa in particular (Maxwell 1995). This increase is a 
response to market demands arising from rapid urbanization and economic impoverishment of 
the population. The situation is more visible in sub-Saharan Africa which is experiencing a 
fairly high rate of urbanisation, with 11.8% in 1960, 29.0% in 1990, 36.6% in 2000 and the 
studies are projecting 43.5% in 2010 and 54.2% in 2025 (United Nations 1985). This rapid 
urbanisation led, on the one hand, to poverty increase in African cities and on the other hand 
to a rapid increase in food demand that can not be satisfied only by the rural production. 
Therefore, urban farming appears to be an alternative to respond to this increasing demand, 
and also as a means for the urban population to face the economic impoverishment (Smith, 
1998). In a nutritional point of view, Lathman (1997) has mentioned some nutrients such as 
proteins, which seem to lack in basic food in many African countries. Proteins can become 
easily available through urban farming, especially urban livestock keeping.  
Indeed, livestock keeping presents its own specific importance, but also some 
problems. Until recently, it was often regarded as a sign of poverty and has been reported to 
bring bad odours and dirties in cities. As with all branches of urban agriculture, livestock 
keeping now seems to be recognized for the positive role that it can play in urban living 
conditions across the world and especially in African countries (FAO 2000). 
2.1.1 Characterisation and magnitude of urban livestock production 
Urban agriculture in general and urban livestock production in particular is growing in 
space and economic importance in many African cities and capitals. Mosha (1991) reported 
that livestock population in and around Dar es Salaam in Tanzania increased rapidly between 
1980 and 1990; the poultry population increased from 500,000 to about 800,000 head, the pig 
population increased from around 8,222 to around 37,000 head and the crossbred dairy 
cattle population increased fourfold, from 4,500 head to 18,000 head.  During the same 
period (1980 to 1990), a similar situation was observed in other African countries such as 
Ghana where 25% of the 4.5 million small ruminants were raised by people living in and 
around cities and towns (Smith 1998). 
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In Ethiopia the livestock numbers in urban and peri-urban areas in 2001 were 
estimated at 169,264 cattle, 64,767 sheep, 22,630 goats, 15,886 donkeys and 415,680 
chickens (Guendel 2002), compared to around 11,000 cattle and 2,600 sheep in urban areas in 
the 1980s (Smith 1998). 
Another steep rise has been observed in Nairobi, Kenya, where the dairy cattle 
population increased significantly from around 6,000 cattle in the years 1980s (Smith, 1998) 
to 25,000 cattle in 1992 (van der Bliek 1992). During the same period (1980 to 1992), small 
ruminants reached 30,000, pigs 30,000 and poultry 350,000 head in Nairobi (Smith 1992). 
As the livestock population increases in African cities, the proportion of households 
involved in urban livestock keeping increases as well. According to Lee-Smith and Memon 
(1994), an urban household survey carried out in six Kenyan cities has shown that 17% of the 
respondents kept livestock. In Zaria, a Nigerian university town, the same author noted that 
80% of people keep livestock, raising goats, poultry and sheep. A similar study revealed that 
in many cities such as Kampala and Addis Ababa, more than 50% of the households rely on 
livestock production as their secondary source of income (Centrès 1991). All these statistics 
demonstrate importance of livestock keeping in African cities. 
One of the reasons for this important urban livestock production is to meet the rising 
demand in meat and other animal products (Smith 1998). Knowing that households in many 
African countries spend more than 60% of their income on food (PCC 1990), a low income 
does not allow them to afford the entire food requirement they need, particularly for higher 
priced goods such as livestock products. Urban livestock keeping provides an important 
contribution to the protein needs of urban populations; an example is seen in Nairobi and 
Kampala where goat keeping is the only protein source for retired and widowed households 
(Guendel 2002). However, considering urban livestock production as only a contribution to 
food security is too narrow. According to Foecken (2005) livestock keeping in urban areas in 
East Africa is an activity which becomes more common as income rises. Maxwell (1995) 
argues that low and middle-income families rely strongly on livestock keeping as a 
commercial activity to supplement household income. These reasons for keeping livestock 
determine the system the farmers apply. 
The production systems prevailing in urban livestock production can be classified in 
different ways. On the basis of primary purposes, these production systems can be classified 
as commercial or subsistent. According to Smith (1998), in commercial production systems, 
the main purpose is to raise animals for the market. It can also be classified as demand-driven 
system in which financial inputs are used to purchase feeds and for prophylactic health 
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measures against major diseases through vaccination and anthelmintic treatments. Labour is 
provided by family members and the products are sold at the nearby market. Occasionally, 
some products are used for home consumption. Depending on the size of the herd, such 
commercial systems are either smallholder or large-scale enterprises; but the sector is largely 
dominated by smallholders (Foecken 2005).  
The subsistence production systems are resource-driven, in which the main objective 
is to meet the family needs, with little commercial exchanges. In this system, one can find 
many urban families keeping one to three animals (chicken, sheep, goat or pig) for home 
consumption (Smith 1998). Feed is mainly composed of kitchen wastes and health care is 
often neglected. The animals scavenge for a large part of their feed. 
Among the stakeholders in urban livestock systems are the smallholders (men, women 
and children) who make a living by, among other activities, feeding their food wastes to 
animals. Other stakeholders are government officials, entrepreneurs, shopkeepers, leaders of 
dairy cooperatives, feed and medicine merchants, retailers and wealthy consumers (FAO 
2000).  
 Urban livestock production is also characterized by the type of land ownership. In 
Nairobi more than two thirds of livestock keepers are squatters whereas in the other cities 
such as Dar-es Salaam and Addis-Ababa between 40% and 80% of livestock keepers own the 
land and others rent private land or use public land. The farm size is usually small; less than 
0.05 ha on average in Addis Ababa (Guendel 2002). 
 There is a wide range of livestock species kept in different cities. A study conducted 
by Guendel (2002), showed that the goat was the most common species kept in Nairobi, 
followed by chickens, ducks, cattle and sheep. Cattle were the most common species in 
Kampala; whereas in Dar-es Salaam, chicken occupied the first rank. In Addis Ababa, sheep 
were kept by more than half of the households. Unconventional livestock such as rabbits, 
geese, bees and other small species were seldom in most of the studied cities. 
Feeds and feeding practices in urban livestock production are very diverse, and depend 
on whether the system is commercial or subsistence. In Nairobi and Kampala, Guendel (2002) 
noted that commercial systems rely mainly on forages and grasses from peri-urban areas. In 
addition, other secondary feed sources are used, such as household kitchen waste, left-overs 
from hospitals, hotels, schools, markets and crop residues. These secondary feed sources 
constitute the primary source of feeds in the subsistence systems where the most common 
feeding practices are free roaming. 
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The most important advantage in urban livestock production is the availability and 
proximity to the market. Besides that, urban livestock keepers usually face many problems 
such as high costs of feeds and veterinary services, unpleasant odour and small farm size. The 
limited space force urban livestock keepers to keep animals close to the people; therefore 
some zoonoses such as anthrax, brucellosis, cysticercosis, and trichinosis are reported by 
Santandreu  (2000)  to be transmitted from animals to humans in many African cities because 
of inappropriate management practices and the lack of the products’ safety control. In terms 
of food safety control, milk and dairy products are frequently blamed to be out of all 
regulations in African countries (Omore and Staal 2004). 
Milk production in sub-Saharan Africa (SSA) amounted to 1.27 m tonnes in 1988, of 
which three-quarters were produced in East Africa. Cow milk accounted for 80% overall, but 
only half of the milk produced in East and West Africa, and nearly 100% in Central and 
Southern Africa (Staal 1997). 
2.1.2 Urban and peri-urban dairy production systems 
In the past, dairy production was supported by three major land-based systems that 
are: pastoralists, agro-pastoralists and crop-livestock farmers (Walshe 1991). Nowadays, 
because of high population density in and around cities in African countries, other dairy 
production systems have been developed close to the cities in order to satisfy the growing 
demand. Therefore, many dairy production systems are concentrated close to cities (peri-
urban) and within cities (urban) in SSA.  
 Urban and peri-urban dairy production systems involve the production, processing and 
marketing of milk and milk products in and around cities (Staal and Shapiro 1996). According 
to Felleke (2001), urban dairy production systems range from smallholders to highly 
specialized enterprises, state or businessmen owned farms, which are mainly concentrated in 
major cities. Peri-urban milk production is developed in areas around big cities like Nairobi 
and Addis Ababa, where the population density is high and agricultural land is shrinking due 
to urbanization.  
 Tsehay (2001) and Mohamed (2003) argue that both locations (urban and peri-urban) 
own most of the improved dairy stock in SSA. According to Tegegne (1998), the urban milk 
system in Addis Ababa consists of 5,167 small, medium and large dairy farms producing 
34.65 million litres of milk annually. Seventy-three percent of the total production is sold, 
10% is left for household consumption, 9.4% is fed to calves and 7.6% is processed into 
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butter and cottage cheese. In terms of marketing, 71% of the producers sell milk directly to 
consumers and the rest reaches the consumers through intermediaries (Tsehay 2001). 
 The most common breeds found in urban and peri-urban dairy production are 
crossbreds between exotic breeds (mainly Holstein Friesian) and local breeds (Sintayehu 
2008). In these urban systems the access to grazing land is limited due to the lack of space in 
the cities while in peri-urban systems some communal grazing land offers the opportunity to 
animals to graze. Other sources of feed are home produced or purchased hay and agro-
industrial by-products. Most of these urban and peri-urban dairy productions are market 
oriented (Gebre 2000). 
 Milk processing practices vary from one city to another. In Addis Ababa, Mogessie 
(2002) showed that milk processing is generally based on fermented milk called ergo, without 
any defined starter culture. This process consists of keeping the milk at ambient temperature 
in a warm place to ferment. Other dairy products are butter and cottage cheese. In other cities 
such as Nairobi, milk is mostly processed by milk cooperatives, such as Kenya Creamery 
Cooperative (KCC) which makes yogurt, cheese and butter. 
2.1.3 Importance of urban milk production 
In developing countries and in SSA in particular, the diet of people is based on 
cassava, maize and rice. Such foods are rich in carbohydrate but the deficiency in other 
nutrients such as vitamins and minerals is pronounced. Research has shown that many people 
suffer from macro and micronutrient deficiency in African countries. According to Neumann 
(1993), many children in Kenya are deprived of vitamin B12, which can be only provided by 
animal products. Deficiency of vitamin A in preschool children has been recorded in Ethiopia 
(EHNRI 1996). In Nigeria also, an IFAD report has shown that 35% of children below 5 years 
are underweight. In general, stunting and underweight are the main indicators of malnutrition 
and food shortage. The high percentage of both in SSA indicates the extent to which low food 
quality and quantity is a serious problem. Despite certain limitations in SSA on production 
and distribution of milk and milk products, many species such as goats, buffaloes, sheep, 
camels, do supply milk. But generally cows' milk is the major supply and is playing and will 
continue to play an important role in human nutrition. 
 Milk is a well-balanced food, and therefore a rich source of certain nutrients likely to 
be deficient in a variety of human diets. It is noteworthy that milk is an excellent source of the 
protective protein, vitamin, and mineral nutrients that can prevent malnutrition and promote 
optimum growth and development of a child. It is especially striking that milk is a particularly 
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rich source of the nutrients most likely to be low in typical diets of African countries namely 
protein of high nutritive value, vitamin A, and calcium (Teply 1965). According to Lathman 
(1997), the milk protein casein contains all the essential amino acids in good proportion and is 
nutritionally superior to proteins obtained from cereals. In addition, the fat fraction of milk 
provides the valuable vitamin A and can also furnish the essential fatty acids required in the 
diet in small amounts. In a few areas diets are almost devoid of fat and here a little fat from 
milk might play an important role. Indeed, urban dairy production brings all these nutrients 
close to people living in cities, and facilitates access. 
 Another importance of urban milk production in SSA is the provision of family 
income and employment. Especially in Kenya many studies have identified several types of 
workers involved in the dairy production chain. Starting at production level, much of the 
labour input on these farms is family-labour. But in some farms there is a shepherd who is 
hired to take animals for grazing. According to SDP (2000) there is a total of six hundred 
thousand households keeping dairy cows in and around cities; this generates an estimated 
three hundred and sixty five thousand waged jobs in addition to the family labour involved.  
At the market and processing level, there is a wide range of enterprises involved in the 
distribution chain; these include retailers (milk bars and kiosks), mobile milk traders in the 
informal sector (hawkers), and milk processors and distributors in the formal sector such as 
KCC. Processing and marketing of milk generated twenty nine thousand jobs in 2000 (SDP 
2004). 
2.2 Urban milk production and consumption in Kenya 
Kenya's economy is heavily dependent on agriculture; 75% of Kenyans earn their 
living from farming either directly or indirectly (Lanyasunya 2001). Agriculture usually 
brings in over 6% of foreign exchange earnings and provides raw materials for Kenya's agro-
industries, which account for about 70% of all its industrial production. Livestock production 
in general and dairy production in particular is one of the key components of the Kenyan 
agriculture (EPZA 2005).  
2.2.1 National milk production 
Kenya is largely self sufficient in milk production, with an average production of 2.5 
billion litres per annum (MoARD 2008). A study conducted by the ministry of agriculture and 
presented on figure 1 shows that milk production in Kenya has increased from 1.0 billion 
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litres in 1980 to 2.7 billion litres in 2005. The value of this production contributes 
significantly to the national economy and household incomes. For instance, this value was 
estimated at Ksh 23.1 billion (€ 23,100 billon) in 1995 and Ksh 35.2 billion (€ 35,200 billon) 
in 2000 (Karanja 2003). With this growing contribution of milk production to the national 
economy, Kenyan politicians and technicians should promote the development of the milk 
sector.    
Since the milk production is mainly based on a cattle population estimated at 13 
million head, with 3.3 million of dairy cattle which produce an important milk quantity 
(EPZA 2005). Figure 1 gives the evolution of cow milk production within 25 years in Kenya. 
 
Figure 1: Dairy milk production in Kenya from 1980 to 2005 
Source: MoARD annual reports and national development plan 2002-2008 
The installed processing capacity in the country estimated at 900 million litres per year 
(EPZA 2005), is less than the annual production; therefore, most of the milk produced is 
consumed raw. Before 1992, the Kenyan’s dairy market was monopolised by KCC. The 
liberalisation of milk marketing in 1992 ended KCC's monopoly in milk marketing in urban 
areas and stimulated increased small-scale traders and producers of fresh milk in and around 
cities (Owango 1998). Nowadays, the production is shared by large scale producers and 
smallholders who are both mostly located in the Rift Valley and Central Provinces, known as 
the main dairy zones, with over 80% of the total dairy cattle population in the country 
(Karanja 2003). 
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2.2.1.1 Large scale milk production  
Private firms and public institutions such as the Agricultural Development Corporation 
(ADC) are also involved in dairy activities and possess large-scale farms. A total of 500,000 
dairy cattle are estimated to be kept in this system, where one farm possesses more than 50 
dairy cows (EPZA 2005). These farms are characterized by a very huge investment with 
automatic milking system. The milk produced in this system is pasteurized and represents 
30% of the milk marketed in the country. 
 Large-scale farms are mostly located in peri-urban zones. Those in Usian-Gishu 
District have shown the highest yield per cow averaging 103,077 litres per year. The feeding 
system is open grazing, supplemented with a maize-based ration which is a mixture of ground 
maize, mineral salt and fishmeal. The breeds kept are both pure and crossbreds; Holstein 
Friesian cattle are the dominated breed but Ayrshire is also found. These farms have higher 
commercial orientation than any other production system, 72% of the milk produced in these 
farms is marketed. Another source of revenue in these farms is the income from the sale of 
dairy stock which represents about 30% of their total annual revenue. For reproduction, these 
farms import semen or well-reared bulls (Karanja 2003). 
2.2.1.2 Smallholder milk production 
After independence, marketed milk production shifted from large-scale herds to 
smallholder livestock farms closer to the urban centres (Tiffen 1994). Today most of Kenya’s 
3 million dairy cattle are kept by smallholder farmers. Eighty percent of these smallholder 
farmers are located in the central and Rift valley provinces where most of them are found in 
the urban and peri-urban zones because of market accessibility. Generally small herds (1 to 2 
dairy cows) comprise 50% of the herds. Feeding is mainly cut-and-carry with planted Napier 
grass (Pennisetum purpureum) and crop residues, especially from maize and bananas, 
supplemented by forage gathered from common properties around the farm. Holstein Friesian 
and Ayrshire are the two most common exotic breeds found in smallholdings (Staal 1997). 
About 600,000 smallholders are found in Kenya, producing some 70% of the country’s 
marketed milk. On average, total daily milk output is 10 kg per day and per farm, of which a 
quarter is for home consumption and the rest sold (EPZA 2005). 
 Smallholder dairy production in Kenya is undertaken under two main production 
systems. These systems in order of their production intensity and occurrence are smallholder 
zero grazing and smallholder open grazing (Karanja 2003). 
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  - Smallholder zero-grazing system 
A study conducted by Karanja (2003) has shown that the zero-grazing farms usually 
have an average of 2 milking cows with an annual production of about 4,244 litres. This 
production can be related to the level of intensification, since the cows are kept in-doors all 
the time and Napier grass is cut outside and brought to them in the stable. The grass is 
supplemented with dairy meal, bran and mineral salts, which are mainly fed to the animals 
during milking time. The same study demonstrated that zero-grazing farmers receive the 
highest price per litre, which in from March to April 2002 was averaging Ksh 16 (0.16 €) per 
litre.. However, milk revenue only represents 43% of the total value of dairy production; other 
revenues come from the sale of calves, bulls and culling accounting for 31% of the total 
revenue.  
  - Smallholder open-grazing system 
 In this system, the herd size is around 12 animals, with an average of 5 milking cows. 
The animals graze in communal grazing lands. The level of supplementation is low and is 
limited only to the use of mineral salts. Therefore, the milk yield per cow under this system is 
low, with an average of 1,510 litres per cow per year. This yield per cow is 28.8% and 46% 
lower than the average yields in small scale zero grazing and large-scale systems, 
respectively. But the annual milk production is around 7,519 litres, due to the relative high 
number of milking cow compared to the smallholder zero-grazing system (Karanja 2003).  
Land is the main factor of production. The system is classified as low-input low-
output. Crossbreds are commonly found in this system, and natural mating is practiced by 
many farmers. Only 42% of milk is sold, with the rest of 58% retained in the farm for home 
consumption and feeding to the calves. About 3% (256 litres per year) of milk is wasted 
because it could not find a market. In Kenya, milk collection in most of the areas is limited to 
4 to 5 days a week forcing farmers to search for alternative milk markets during the rest of the 
days. If no alternative is found, about 30% of the farms’ dairy produce will remain un-
marketed. Farmers in this system receive also the lowest prices ranging from Ksh 9 to 12 
(0,09 to 0,12 €) per litre. Productivity per cow is also the lowest as compared to the other 
production systems (Staal 1997).  
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2.2.2 Milk consumption 
Kenya’s milk consumption levels are among the highest in the developing world 
(KSDP 2004). Annual per capita milk consumption is now estimated at 145 litres, more than 
five times the milk consumption in other countries in sub-Saharan Africa (SCB 2008). Milk is 
sold to the consumers in various forms; Kenyan dairy companies process a wide range of 
dairy products among which yoghurt, cheese, butter, ghee, condensed and evaporated milk, 
ice cream and frozen desserts are the most widespread in the market (EPZA 2005). These 
dairy products represent only 14% of all milk produced in Kenya. In fact, almost all dairy 
product consumption is in the form of liquid milk. In Kenya, 86% of this milk is consumed 
raw (KSDP 2004). According to Mullins (1994), the percentage of household regularly 
consuming raw milk is high, ranging from 70% in rural locations to 92% in urban locations. 
The demand for raw milk has increased significantly over the last 10 years and constitutes an 
important food budget item for many families in Kenya. A survey carried out in 1999 in 
Nairobi found that households spent on average 18% of their income on dairy products 
(KSDP 2004).  
 The consumption frequency varies according to the product. According to Mullins 
(1994), although a group of households consumes the same set of dairy products, they may 
consume individual products with quite different frequencies. Table 1 shows the frequency of 
consumption of different dairy products in household in Mombassa and Kilifi districts, Coast 
province in Kenya.  
Table 1: Frequency of dairy product consumption in households sampled in 
  Mombasa and Kilifi Districts, Coast Province, Kenya, 1991 
Consumption frequency (Percent of households)  Products  
Daily  Weekly  Monthly  Never  
Raw milk (cow)  44  12  0  44  
pasteurizes milk  40  12  8  40  
UHT milk  21  21  12  46  
Butter  18  8  4  70  
Fermented milk  15  28  10  47  
Cheese  5  3  4  88  
Goat milk  1  2  4  93  
Source: Mullin 1994 
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The Table 1 shows that the consumption frequency for different products is not the same. 
Raw milk and pasteurised milk tend to be consumed every day or never consumed at all. 
Although many households indicated that they do not consume UHT milk, the consumption 
frequency is equal between daily consumption and weekly consumption, with few people 
consuming it monthly. Fermented milk is consumed with high to moderate frequency, but the 
processed dairy products, butter and cheese are regular parts of the diets of only a few 
households. 
Among the liquid milk products, a clear preference exists for unprocessed (raw) whole milk, 
irrespective of household location or income class (Table 2). 
Table 2: Milk product preferences among households sampled by location and 
income category in Mombassa and Kilifi Districs, Coast Province, Kenya, 
1991 
KCC 
pasteurized vs 
fresh milk (%)  
KCC pasteurized vs 
KCC UHT milk (%)  
KCC UHT milk vs 
fresh milk (%)  
   
KCC 
past.  
Fresh 
milk  
KCC 
past.  
KCC 
UHT  
Fresh 
milk  
KCC 
UHT  
Urban  27  69  61  30  72  22  
Peri-urban  13  87  73  24  89  11  
Location  
Rural  8  78  38  34  77  9  
High  35  58  50  31  61  27  
Middle  18  76  58  31  77  17  
Income 
class  
Low  12  77  44  32  78  10  
KCC: Kenya Cooperative Creameries 
Source: Mullin 1994 
This preference for raw milk is very high and is more consumed in rural areas than in urban 
areas. According to KSDP (2004) the reasons that justify this preference in raw milk are the 
following. 
- Raw milk is 20 to 50 percent cheaper than pasteurized milk, as its supply involves fewer 
costs. 
- Many prefer the taste and high buttermilk content of raw milk. 
- Raw milk can be sold in variable quantities, allowing even very poor households access to 
some milk. 
- In areas where transport is poor, it is often easier to find a farmer with a cow than a shop 
with packaged milk. 
- Consumers feel, justifiably, that simply boiling milk removes most health hazards. 
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As it is shown in the table above, some consumers, however, especially in the higher-income 
brackets, prefer pasteurized milk to raw milk. Again, there are several reasons for this: 
- They feel there are fewer health risks, and greater guarantee of quality and/or consistency. 
- Pasteurized milk is generally packaged, making it convenient to carry and store. 
- It has a longer shelf life. 
 As shown in table 2, there are two principal determinants of milk consumption among 
Kenyan households: household income and household location. Household location 
influences structure of consumption by influencing the availability of dairy products. 
Essential for realizing household consumption goals, household income has a more direct 
effect on dairy consumption.  
2.3 Dairy cattle husbandry practices and impact on milk safety in 
smallholder production systems in Kenya  
Urban areas are particularly important places for milk and dairy products in Kenya. 
About 80% of milk and dairy products are consumed in the Nairobi and Mombasa areas, 
although they account for less than 15 percent of the national population (Reynolds 1991). 
According to KSDP (2004), 86% of this milk is produced and traded under a variety of 
practices that do not satisfy good hygiene. This led to a problem with the safety of milk and 
milk products. In fact, nowadays, concern has been expressed over the public health 
implications of milk produced by the smallholders in Kenya (Omore 2002). Most milk 
producers and traders undertake various husbandry, processing and marketing practices which 
might increase the probability of the milk to be infected by microbial agents. Among these 
microbial agents, Brucella is one of the genuses frequently found in milk in Kenya (Omore 
2005) due to the weaknesses of practices (Lanyasunya 2001). 
2.3.1 Feeds and feeding 
A variety of feeds and feeding strategies are employed by smallholder dairy farmers, 
ranging from stall-fed cut-and-carry systems, supplemented with purchased concentrate feed 
in areas of high population density where extensive systems are not possible, to free grazing 
on unimproved natural pasture in the more marginal areas (Reynolds 1991). In rural areas, 
smallholder dairy farmers in Kenya produce about 70% of the feed required from their own 
resources. A survey conducted by the National Dairy Development Project (NDDP 1993) 
across the country showed that 21% of farmland was planted with Napier grass. In some 
 16 
farms, Napier grass is mixed with legumes and fodder trees (usually Leucaena leucocephala). 
Maize stover, banana stems and roadside grass were also commonly used as alternative feed. 
In addition, some farmers reported that they regularly purchase fodder. According to NDDP, 
Napier grass production ranges from 5 to 22 tonnes/ha, only two-thirds of the farms maintain 
adequate amounts of fodder in the feed trough, allowing ad libitum access to roughage for 
lactating cows.  
 In urban centres, a high proportion of smallholders stall-feed their animals (zero-
grazing). This is due to the scarcity of land in areas close to major urban centres.  
Pennisetum purpureum (Napier grass) and other legumes are cut from farms or grazing land 
in peri-urban areas and brought to the animals at home. Farmers also feed purchased grain 
concentrates such as dairy meal and milling by-products such as brans and wheat. 
Smallholders located in peri-urban areas rather practice grazing, fully or partially, using 
communal grazing lands, crop lands or roadside grazing (Romney 2003). 
 Among the commonly used feeding practices by Kenyan smallholder dairy farmers, 
tethering and grazing are those which are more likely to have an impact on the safety of milk 
through the contamination with zoonoses such as brucellosis. When animals are out of the 
house, the chances to be in contact with brucellosis sources are high. This can happen via the 
contact with infected animals, feed, water or inert objects. In the zero-grazing system, animals 
can also be infected if the feed is infected. Finally, whatever feeding system is used, dairy 
cattle can be infected by brucellosis germs through consumption of infected feeds or being in 
contact with infected animals or objects. These brucellosis germs will further be present in the 
milk.  
2.3.2 Breeds and breeding 
 In Kenya, dairy production started long time before the independence with the 
establishment of large-scale commercial systems in the central highlands. The indigenous 
zebu cattle were graded-up with European dairy breeds imported from South Africa to build 
up the foundation stocks. Few years before the independence, cattle population in the central 
highlands was estimated at 77050, comprising 43.4% local zebus, 55.7% dairy crossbreds and 
0.9% dairy pure exotic. After independence, many colonial farmers left and the large-scale 
dairy production systems rapidly shifted to small-scale with the emergence of many 
smallholder dairy farmers (Bebe 2000). The shift to small-scale dairying came also with an 
increase in the population of dairy high-grade cattle and the Holstein Friesian dairy breed 
started to be widespread. In a study of smallholder dairy systems in the central highlands, 
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Staal (1997a) argue that cattle population comprised 3.8% zebus, 53.6% dairy crosses and 
42.6% dairy high-grade. The predominant exotic dairy breeds on the sample farms were 
Friesian (51%), Ayrshire (23%) and Guernsey (13%) and the rest being Jersey and local 
zebus. 
Nowadays, the trend seems to be the same. Smallholder dairy farmers in rural as well as in 
urban centres establish their dairy herd by purchasing the first cow. A study conducted by 
Bebe (2000) in the central highland of Kenya showed that over 80% of the smallholders 
purchased their first dairy cow, less than 10% actually upgraded their stock. Table 3 presents 
the different sources of dairy foundation stock, the current mating method and genotypes on 
smallholder farms in the central highlands of Kenya. 
Table 3:  Source of dairy foundation stock, the current mating method and 
genotypes  
 on smallholder farms in the central highlands of Kenya. 
Source of dairy foundation stock (% farms, n=987) Frequency (%) 
Purchased 
Gift 
Upgrading from zebus 
Project support 
82.7 
9.4 
7.9 
0.0 
Current mating method (% farms, n=987) Frequency (%) 
Bull 
Artificial Insemination 
62.2 
37.3 
Genotypes (% farms, n=3966) Frequency (%) 
Zebus 
Dairy crosses 
Dairy high-grade 
24.0 
35.7 
40.3 
Source: Bebe (2000) 
 With the limited size of farms in urban and peri-urban areas, the breed preferences of 
the farmers are strongly influenced by the milk production potential. Therefore, Friesian and 
Ayrshire are the most preferred breeds for high milk yield, which explains their predominance 
in the smallholder systems. However, Ayrshire was more favoured over Friesian for disease 
resistance and feeding behaviour but not for market value and body weight (Bebe 2003). 
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Table 4: Reasons for selecting a certain breed according to smallholders in the 
central highlands of Kenya 
Breeds n Reasons for selecting breeds kept (%) 
  High milk 
Yield 
Lack of 
choice of 
semen 
Better 
looking 
animal 
Extension 
advice 
Others  
Friesian 374 77.5 3.2 3.7 2.9 12.7 
Ayrshire 166 59.0 6.6 6.0 2.4 26.0 
Guernsey 109 46.8 3.7 9.2 7.3 33.0 
Jersey 27 44.4 3.7 7.4 0.0 44.5 
Source: Bebe (2000) 
 In terms of breeding practices, the study conducted by Bebe (2000) showed that only 
37% of the respondents indicated using artificial insemination (AI) service. Though the 
majority of the smallholders used bull service (62%), only 20% keep bulls on the farm, 
suggesting that bulls are shared. Sharing of bulls requires stringent health preventive 
measures to control possible incidences of breeding diseases such as brucellosis. In fact 
sharing the bull the probability to contaminate a herd is high. The same bull can move from 
an infected herd to be used in a healthy herd, carrying thus the diseases and transmitting them 
in all farms in which it is used. 
2.3.3 Milking 
 There are few studies dealing with detailed milking practices carried out by 
smallholder dairy farmers in Kenya. But similar studies have been conducted in East African 
countries, especially Ethiopia and Tanzania. Generally, most of the smallholder dairy farmers 
in the region milk their cows twice a day. Very few farmers milk their cows thrice or once a 
day. Time of milking is normally in the early morning and late evening. In rural areas, farmers 
do not care about the regularity of milking time, while urban producers milk their cattle early 
and at a specific time in order to deliver the milk very early to urban consumers. Most of the 
urban producers complete their morning milking between 06.00 AM and 08.00 AM hours. 
Regarding evening milking, the time ranges from 06.00 PM to 08.00 PM. In many East 
African countries, milking is predominantly handled by household wives or adult females. 
However in other farms, milking is handled by hired labour, household adult males, children 
and a combination of wives and husbands (Sintayehu 2008). 
 Hand milking is widely spread among smallholders; only large scale producers use 
milking machines. Hand milking requires good body hygiene of the farmer. Since farmers are 
themselves good pathogen carriers, they can transmit some pathogens such as coliforms, 
Mycobacterium tuberculosis, Brucella abortus and many others, making thus hand milking an 
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important factor likely to influence the safety of milk. Other major factors affecting the 
quality of dairy products are related to milking utensils. The type and quality of milking 
utensils used as well as methods and frequency of cleaning milking utensils affect the quality 
of milk and its products. Most of the urban producers used plastic milk utensils that they 
usually clean before and after milking (Sintayehu 2008). 
2.3.4 Milk processing and marketing 
Before 1992 milk processing and marketing were monopolised by the Kenyan Co-
operative Creamery (KCC). Milk market liberalisation policies implemented in 1992 opened 
up the processed milk market. The objective of the reform was to encourage private 
investments (including co-operatives) in milk processing and marketing and the deregulation 
of both producer and consumer prices. Most of the milk sales before liberalization and 
immediately after liberalization were through the KCC. Nowadays, the trend has changed; the 
monopole of KCC has declined and many small scale processors have developed (Karanja 
2003). Informal markets are shown to absorb most of the milk from smallholder farmers 
accounting for over 56% of the total milk sold, while formal markets account for 14% of the 
total milk produced and the remained 30% are consumed and offered to calves. Brokers, 
traders, transporters, co-operatives and farmer groups are identified as the most important 
participants at the markets. Cooperatives remain the main channels for collecting milk 
destined to the formal market (EPZA 2005). 
 
 - Formal market:  
As it is shown in figure 3, the formal market is having 14% of marketed milk and it 
focuses mainly on processed milk. According to Karanja (2003), before milk market 
liberalisation in 1992, processed milk had risen to an annual average of 350 million litres. At 
that time only a few companies were involved in the formal market (KCC, Kitinda and Meru 
dairies).  After the liberalisation many other companies joined the formal market. In spite of 
the entry of other milk processors, the total of processed milk quantity has continued to 
decline to the extent that by 2001, only 152 million litres were processed. Since 1992, a total 
of 42 milk processors have been licensed by Kenyan Dairy Board (KDB). In 1999, 34 of these 
processors were operational with the rest having closed down. Data from KSDP indicate that 
by the end of 2001, only 22 of the processors were in operation. Some of the processors have 
completely exited from the market due to severe competition with the informal market and 
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therefore the volume of milk processed has dropped. Figure 2 gives the volume of processed 
milk within 15 years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Volume of processed milk in Kenya from 1991 to 2001 
Source: KDB statistics 
 - Informal market 
As shown in figure 3, the informal market represents 56% of overall marketed milk 
(KSDP 2004). According to Karanja (2003), over 80% of this milk comes from smallholder 
farmers in rural and urban areas. The same author argues that the informal milk market in 
Kenyan cities and towns is concentrated in the low income areas because of the lower prices 
charged to the consumers. This is confirmed by the CBS (Central Bureau of Statistics) in 
2001 which indicates that 60% of the urban population in Nairobi lives on a low income and 
are the key players in the informal milk market, including many small-scale milk traders often 
referred to as hawkers, those are mobile. Other categories of milk vendors are milk bars 
owners who sell milk and tea milk and retailers who sell raw milk in small quantities. To be 
recognised by the government, these milk sellers are required to pay an annual licence ranging 
from Ksh 1,000 (10 €) to Ksh 5,000 (50 €). A total of 1,500 licensed informal milk traders 
were found in the country in 2000.   
 Methods of milk handling are markedly different between types and scales of 
business. The use of plastic containers is very common among smaller market agents (up to 
89% for mobile agents) than larger scale market agents such as dairy cooperatives that use 
mostly metal containers (Omore 2001). 
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Figure 3: The structure of the milk market in Kenya  
Source: SDP, 2004 
 
- Milk channels 
As it can be seen in figure 4 bellow, current milk flow channels in Kenya clearly show 
that the informal milk market dominates, with approximately 86% of milk sold raw or un-
pasteurized. This dominance is mainly due to consumer preference for raw milk and the 
relatively high cost of pasteurized milk. The milk is either sold directly to consumers by 
farmers, or passed to consumers through cooperatives, retail outlets (including shops and 
kiosks), or small-scale traders (including hawkers and milk bars). Small-scale traders create 
valuable employment and generate incomes for themselves, while acting as a cost-effective 
link between dairy producers and their consumers (SDP 2004). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total production  
(3.1 billion litres) 
Market  70% Non market 30% 
Informal 56% Formal 14% Domestic 23% Calf 7% 
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Figure 4: Channels of smallholder milk marketing and their relative volume in 
Kenya 
Source: SDP, 2004 
There is a public concern on the likely public health risks posed by the informal milk 
market. In fact, un-pasteurised milk sold in informal market and the different handling 
practices are the main factors which influence the safety of milk and milk products. A study 
conducted by Omore (2004) has shown that bacterial quality of milk was often quite poor in 
reference to the set standards (less than 2 million cfu/ml for total bacterial count and less than 
50,000 cfu/ml for faecal coliform), which most agents are unable to meet mainly due to 
common use of poor handling containers and the general lack of a cold chain. Variable 
prevalence levels of brucellosis (in Nairobi, 5.1% at consumer level, 1.6% in milk bars, and 
8.2% in pasteurised milk; in Nakuru, 12% in milk bars) were found mainly in bulked raw 
milk samples from dairy co-operatives and milk bars.  
2.4 Brucellosis in sub-Saharan Africa 
 Brucellosis is an important zoonoses (CFSPH 2007) and has a considerable impact on 
animal and human health as well as a wide socio-economic impact in sub-Saharan Africa 
(Gebretsadik 2007). Brucellosis is caused by various species of Brucella, a Gram negative, 
facultative intracellular coccobacillus in the family Brucellaceae. Six species occur in 
animals: Brucella abortus which causes brucellosis in cattle, bison and buffalo, Brucella 
melitensis which is the most important species in sheep and goats, Brucella suis found in pigs, 
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Brucella ovis responsible of infertility in rams, Brucella canis exclusively in dogs and 
Brucella neotomae found in rodents (CFSPH 2007). Among farm animals, cattle have been 
the major species at risk and therefore, bovine brucellosis is the major threat to people in sub-
Saharan Africa (Young and Corbel 1989).  
2.4.1 Epidemiology of bovine brucellosis 
2.4.1.1 Epidemiology in animals 
Brucellosis in cattle has been reported from almost all countries in Africa. In the field, 
B. abortus is the main causal organism, B. melitensis infections have been reported and B. 
suis infections suspected (McDermott 2002). A recent study identified bovine brucellosis in 
sub-Saharan Africa as a major priority for control and prevention through its impact on 
animal and human health (Smits 2004). The epidemiology of bovine brucellosis is complex; it 
is present in many cattle production systems, its prevalence and incidence vary widely. Based 
on the herd size, prevalence and incidence are usually high in systems with large numbers of 
cattle and low for small confined herds. In some systems such as pastoral systems and 
livestock-subsistence systems in semi-arid areas, serological prevalence is almost always 
higher than 5% (range 4.8–41%) (Domingo 2000). Other factors associated with the high and 
variable prevalence in these extensive livestock production systems are large herd sizes, 
husbandry practices, extensive movement of cattle, and common mingling with other herds at 
common grazing and watering points (Kadohira 1997). However, the prevalence tends to be 
low or non-existent in zero-grazing systems. This very low prevalence in zero-grazing areas 
reflects a very low level of contacts between herds, even in the absence of specific control 
measures. 
 According to Smits (2004), bovine brucellosis prevalence rates range from 3.3% for 
the Central African Republic to as high as 41% for Togo. Values falling within this range 
were reported for Tchad, Sudan, Eritrea, Tanzania, Burkina Faso, Ghana, Mali, Nigeria and 
Zimbabwe. More detailed investigations have shown that the prevalence of brucellosis in 
cattle is closely related to the husbandry system with greatest risk for dairy cattle associated 
with mixed-breed herds in the state of Asmara in Eritrea (Smits 2004). 
 In Kenya, a study conducted by Kadohira (1997) in three districts has confirmed the 
wide variation of the prevalence. According to the study, Kiambu District had the lowest 
(2%), Kili District an intermediate (10%) and Samburu District the highest (15%). The study 
also showed that the prevalence varies with age. An individual cow over 4 years old, kept on a 
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large farm and grazed on a community pasture was 49 times more likely to be sero-positive 
than a young cow (younger than 4 years), kept in restricted grazing at a small farm.
 According to Akakpo (1987), brucellosis infection does not necessarily lead to clinical 
signs. The damages of brucellosis are more visible in pregnant cows in which it causes 
abortion or premature calving, and can furthermore lead to temporary sterility, death from 
acute metritis and decreased milk production (Mangen 2002). Long-term chronic infections 
are often associated with the swelling of joins on legs usually called “carpal hygromas” 
(McDermott 2002). 
 Large quantities of the bacteria are excreted with the foetus, the placenta and the 
uterine fluid, mainly at the time of calving. Therefore, the main means of transmission 
between animals is by direct or indirect contact with the placenta, foetus, foetal fluids and 
vaginal discharges from an infected animal. Animals are infectious after either an abortion or 
parturition (CFSPH 2007). Ruminants are usually asymptomatic after their first abortion, but 
they can become chronic carriers, and continue to shed Brucella sp in milk and uterine 
discharges during subsequent pregnancies. Another means of contracting the disease is by 
consuming the bacteria through infested feed or water. After abortion or parturition, the 
bacteria continue to be excreted mainly via the milk of infected cows (Mangen 2002), and 
becomes a threat to human health. 
2.4.1.2 Epidemiology in humans 
The main groups of people susceptible to be infected by brucellosis are those who are 
usually close to animals. People in rural areas who rely on livestock for some or all of their 
livelihoods are highly exposed. Smallholder farmers in urban and peri-urban areas who live in 
the same compound with their animals are also susceptible to be infected with brucellosis 
(McDermott 2002). Another group of people are professional workers such as veterinarians, 
laboratory workers and people working in slaughterhouses (Smits 2004). These groups of 
people are mostly infected through direct contact with infected materials such as blood, 
placenta, foetuses or uterine secretions (WHO 2005).  
 According to CFSPH (2007), Brucellosis can also be transmitted from animal to 
humans in an indirect way, through consumption of infected animal products. Milk and milk 
products have been reported to be the main factors of transmission of brucellosis to humans. 
Brucella melitensis has been reported to be the main species responsible for human 
brucellosis; however, other species such as Brucella abortus, Brucella suis and Brucella canis 
have also been reported (Swai 2008). 
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 In humans, brucellosis is characterized by a very long incubation period, ranging from 
five days to three months, and a broad spectrum of symptoms. In many cases the disease is 
chronic and asymptomatic. In symptomatic cases, human brucellosis begins as an acute 
febrile illness, with non-specific flu-like signs such as fever, headache, malaise, back pain, 
and generalized aches. Usually, the symptoms last for two to four weeks, followed by 
spontaneous recovery. But some patients develop an intermittent fever (Swai 2008). 
Complications are seen occasionally, particularly in the chronic forms. Arthritis, spondylitis, 
epididymo-orchitis and chronic fatigue have been reported to be the most common 
complication forms (CFSPH 2007).Studies conducted by McDemott (2002) focused on 
estimation of seroprevalence of brucellosis in humans in Africa. These studies showed high 
prevalence levels. In agro-pastoral area of Burkina Faso, the seroprevalence is estimated at 
10% while 26% has been estimated in Nigeria.  
2.4.2 Brucellosis control 
 There is no acute treatment for many farm animals such as cattle and pigs when 
already infected with brucellosis. For other animals such as dogs, long-term antibiotic 
treatment is sometimes successful. Antibiotic treatment has also been observed in rams, but 
fertility remains low after treatment (CFSPH 2007). 
 The control of brucellosis is usually based on prevention and hygienic measures. 
Vaccination has been reported as the main prevention measure to control brucellosis, since an 
effective mass vaccination reduces considerably the prevalence of the disease not only in 
livestock but also in the human population (Smits 2004). Other measures are surveillance, 
restriction of animal movements, and improved farm husbandry. In sub-Saharan Africa, only 
southern African countries have undertaken effective control programmes against brucellosis. 
In Botswana, a national control programme for bovine brucellosis included vaccination as the 
predominant strategy, with additional surveillance and movement controls. This control 
programme led to a considerably decrease in prevalence of brucellosis in 2000. 
 South Africa had a long-term national eradication programme, with a wide variety of 
control efforts, including vaccination, testing and movement controls, stamping out activities 
with the slaughter of herds tested positive (McDermott 2002). In countries out of southern 
Africa, vaccination is rarely conducted and if done, it has been on an ad hoc basis, rather than 
as part of a coordinated national programme. Therefore brucellosis continues to persist in 
these countries and has considerable consequences in economy as well as in public health. 
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2.4.3 Impacts on economy and public health 
2.4.3.1 Economic impact 
 The economic impact of brucellosis is observed both at household and national levels. 
At household level economic losses are related to the abortions, low fertility, and diminished 
milk production. A study conducted by McDermott (1987) in south Sudan has shown that 
cows infected with brucellosis had 10% less calves and 22% higher abortion rates than the 
non-infected ones. Expenses for disease control, namely vaccination costs, surveillance, and 
slaughter of infected animals, are also known as economic losses for farmers and the 
government; but not many studies have focused on the estimation of such costs in sub-
Saharan Africa. 
2.4.3.2 Impact on the safety of milk and human health 
One of the ways by which brucella is excreted is through milk, therefore, milk from an 
infected herd or infected area is likely to be contaminated by brucella. Many studies have 
been conducted in sub-Saharan African countries and in Kenya in particular. A study 
conducted by Omore (2000) in Kenya demonstrated that the main zoonotic health risks in 
marketed milk are brucellosis and coliforms. A similar study conducted by the same author 
showed a high bacteria count in milk collected from consumers in urban areas, while milk 
from rural consumers and retailer outlets counted a relative low amount of bacteria. The same 
study showed that the prevalence of brucellosis at consumer level was 4.9% with ELISA, 
while Milk Ring Test (MRT) showed a prevalence of 3.9%. Milk collected in informal 
markets showed a prevalence of 2.4% with ELISA and 3.4% with MRT.  
 Although pasteurization is thought to destroy brucella, 8.2% pasteurized milk samples 
were positive for Brucella by the ELISA test (Kang’ethe 2000). A study conducted by Omore 
(2005) in two Districs in Kenya showed a prevalence of brucellosis ranging from 1% to 5% in 
marketed milk in Nairobi and Kiambu Districts respectively. The same study showed that the 
prevalence of brucella in milk also depends on the type of seller. For instance, in Narok 
District and Nakuru District, 3% to 4% of milk sold in kiosks and by hawkers contained 
Brucella, while milk bars in Narok district showed a highest prevalence, ranging from 12% to 
15%. During the same study, two consumer households (out of 420) in Nakuru district 
reported having a member diagnosed with brucellosis. Twenty percent of human flu-like cases 
reported in health facilities in Narok were diagnosed as brucellosis. 
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3. Materials and methods 
3.1 Study area 
 The study was conducted in Kasarani division, located in Nairobi district, in the 
Central province of Kenya, along the way of Thika town. Kasarani Division is bordered by 
Embakasi Division to the East, Thika District to the North East, Kiambu and Westlands to the 
west and Makadara Division to the South. Kasarani Division was chosen because it is a peri-
urban area around Nairobi where milk production plays an important role in the livelihood of 
people as well as in the economic growth in the Division. In addition, brucellosis prevalence 
has never been investigated in the Division.  
The area has a surface of 85.7km2 and is divided into seven administrative locations. As it is 
shown on figure 5, the different locations are: Roysambu with 28.1 km2, Kasarani lacation 
with 20km2, Kahawa with 11.7 km2, Ruaraka with 11.8km2, Githurai with 5.1km2, Kariobangi 
with 5.1km2 and Korogoth with 0.9km2. The population is 338,925 (1999 census) and is 
unequally distributed among the locations. Livestock production in the Division includes 
dairy cattle, poultry, pig sheep, goats, beekeeping, and rabbit. Dairy cattle population is 7,570 
for exotic breeds, including purebreds and crossbreds, whereas local breed population is 2,350 
head of cattle (MoLF annual report 2007). 
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Figure 5: The study area, Kasarani Division 
Source: Electoral Commission of Kenya 2007 
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3.2 Farm survey 
 A farm survey was conducted in the study area from May 2009 to July 2009. The 
different activities carried out during the survey included the selection of appropriate farms, 
collection of data, namely interviews with farmers, observation of farms and animals, and 
milk sample collection. 
3.2.1 Selection of farms 
 A stratified sampling was intended to be done, considering 4 strata and 25 farms in 
each stratum. The herd size and breed kept were the 2 criteria used to define the strata. Table 
5 gives the number of farm planned to be selected according to breeds and herd size. 
Table 5: Number of farms planned by breeds and herd size 
 
Herd size Exotic Crossbred Total 
small (1 to 3 cows) 25 25 50 
Medium (4 to 15 cows)  25 25 50 
Total 50 50 100 
 
In order to achieve the representativety of the sample, a simple random sampling was planned 
to be used for farm selection in each stratum. But because of time constrains and lack of 
preliminary data (total number of dairy farms in the area, lack of the list of farmers in each 
stratum) the selection could not be applied as initially planned. The study adopted a simple 
sampling and the stratification was applied afterward. The sample size was calculated 
according to the following formula:   
 
 
 
Where:  n  = required sample size 
  Pexp = expected prevalence 
  d  = desired absolute precision 
Considering an expected prevalence of 2% (Kadohira 1997), P=0.02. According to Naing 
(2006), the desired absolute precision (d) represents the half width of the confidence interval; 
when the expected prevalence is less than 10% as it is in the case of this study, de desired 
       1.962 x Pexp (1 - Pexp) 
n =  
  d2 
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absolute precision (d) can be computed by dividing the expected prevalence by 2. In this 
study, the expected prevalence is 2% (P=0.02) meaning d=0.02/2, (d = 0.01). With a 
confidence interval of 95%, the sample size was calculated as follows. 
 
  
 
  According to the above formula sample size of 760 farms would be needed for the 
study. But considering the time constraints (only 3 months) and limited resources (Animal, 
Human and financial resources), the study was limited at 100 farms. The selection of farms 
was rather guided by the extension officer, based on the willingness of the farmer to cooperate 
as well as on the ease of accessibility and the proximity. Table 6 gives the number of farms 
achieved in each stratum. Farms with more than one breed group were classified in the breed 
group which was predominant in the farm. Concerning the herd size, there were no documents 
giving the detailed information about the herd size in Kasarani division. But according to 
previous studies which were conducted in others areas in Kenya (Kiambu), the herds in peri-
urban areas can be classified into two groups: small herds with 1 to 3 milking cows and 
medium herd with 4 to 15 milking cows (Kadohira 1997). Accordingly, during the study, 
farms having 1 to 3 milking cows were classified as small farms, those having 4 to 15 milking 
cows as medium. The study was limited to small and medium size farms because of the scope 
of the study.  
 Table 6: Number of farms achieved in each stratum 
 
Herd size Exotic Crossbred zebu Total 
small (1 to 3 cows) 17 41 7 65 
Medium (4 to 15 cows)  22 12 1 35 
Total 39 53 8 100 
 
 As presented in the previous paragraph, Kasarani Division is divided into seven 
locations. Out of these seven locations, only four locations are fully involved in dairy activity 
(MoARD 2007); therefore dairy farmers from these four locations were considered as the 
population for the study. The number of farms selected in each location was proportional to 
the size of the location; in other words, the bigger a location was, the higher was the number 
of farms selected in that location. Therefore, 57 farms were selected in Roysambu which is 
       1.962 x 0.02 (1 - 0.02) 
n =                                        = 760.63 
         (0.01)2 
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the biggest location, 19 farms in Kasarani location, 14 farms in Githurai and 10 farms in 
Kahawa. 
Twenty milk sellers were also surveyed. The selection of the milk sellers was also guided by 
the extension officer. Eight milk sellers were selected in Roysambu, 5 in Kahaw, 4 in Muiki 
and 4 in Kasarani. 
3.2.1 On-farm data collection 
 In the selected farms, data was collected through interviews with farmers, personal 
observations of the investigator on the milking and product handling environment and milk 
sample collection. 
3.2.1.1- Interviews with farmers 
 The interview was carried out with the person who takes care of the animals, using a 
structured questionnaire (Annex 1). The questions were asked with the help of an extension 
officer who translated when the respondent did not understand the question well. 
The purpose of the interview was to find out information on the following topics: 
a) General information on the household and farm: herd size, breeds kept, 
how long the farmer has been keeping cattle, is it his main activity or second 
activity, his involvement in development projects or farmer associations. 
b) Housing: The place where the animals are kept; opened area, semi-opened or 
completely closed, hygienic aspect of the house. 
c) Breeds and breeding: what breed does the farmer keep, is it a purebred or 
crossbreed, reasons for choosing that breed, problems related to  the breed, do 
they practice natural service or Artificial Insemination (AI), problems related 
to the breeding technique, hygienic aspect of breeding. 
d) Feed and feeding system: the main feed stuff, origin of feed, grazing, semi-
grazing or zero-grazing, reason for choosing the feeding system and hygienic 
aspect of feeding. 
e) Water resources: how water is usually obtained and any related problems, and 
hygienic aspects. 
f) Calving: how the farmer handles the calving 
g) Milking and milk processing: time for milking, who is in charge of milking 
the cows, milking tools, is the milk sold raw or it is processed, the different 
milk products, hygienic aspect of milking. 
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h) Marketing and channels: the different milk pathways from the farm to the 
consumer. 
i) Diseases and health care: The main diseases that have occurred in the farm 
and how the farmers prevent and cure them. 
 The main objective of the interview was to know the different husbandry and milk 
processing practices undertaken by the farmers. Moreover, marketing and channels were also 
investigated in order to identify at which point animals and milk can be exposed to 
brucellosis. The interviews were held on the farm and typically lasted for about one and a half 
hours. 
3.2.1.2 Observations of farms and animals 
 During the interviews and sample collection, observations were made on the 
following, using an observation protocol (Annex 2): 
Farm infrastructure: The house and stables were observed for the cleanness and adequacy 
for providing enough ventilation and space for animals, the organization of the stable 
(calving place, feeding place, sleeping place, milking place).  
Feed and water: The pasture and fodder were observed for freshness. The water was also 
observed for the colour, freshness and cleanness of the container. 
Animals: The appearance of the animal was observed in order to identify any signs of 
diseases and to estimate how well they are fed.  
Milk: Preparation for milking and the milking process were observed to see the hygienic 
measures applied in terms of the milking environment, the collecting containers and 
the procedure. The place and tools for milk processing were also observed to evaluate 
their hygienic status. 
3.2.1.3 Milk sample collection 
 In order to estimate the prevalence of brucellosis in the farms, milk samples were 
collected in each farm surveyed. The milk collected was a mixture of milk from all milking 
cows of the farm. Fifteen ml of milk were collected in a small tube and conserved in a cool 
box containing ice. All the milk samples collected were kept in the freezer until analyzed 
within two months of collection. 
Another objective of the survey was to trace the product in order to know whether the 
farmer sells his milk directly to consumers, middlemen, sellers or cooperative. A total of 
twenty milk sellers were interviewed, and mixed milk samples collected. The idea was to 
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quantify influence of handling practices and the occurrence of brucellosis at farm level and at 
market level. All the 120 milk samples (100 samples from farms and 20 samples from the 
market) were screened in the laboratory of the department of public health at the University of 
Nairobi. . 
3.3 Laboratory examination 
 Milk Ring Test (MRT) and indirect antibody ELISA were the 2 test used, following 
the instructions of the Veterinary Laboratory Agency (VLA) in United Kingdom which 
provided the Kits. 
3.3.1 Milk Ring Test 
The Milk Ring Test (MRT) is recognized as low cost, practical and efficient method to 
detect brucellosis in a herd (FAO 2003). The principle is that when an animal is infected by 
Brucella sp, the animal reacts and produces anti-bodies against Brucella which are excreted in 
the milk. These Brucella anti-bodies attach to the fat globulin agglutinins in milk, rise to the 
surface of the milk and cluster in the cream.  When haematoxylin stained Brucella antigen is 
added to the milk, it combines with Brucella anti-bodies which are present in the milk and 
forms a complex which adheres to the fat globules in the cream layer of milk. The test has low 
sensitivity and can detect a high proportion of false positives when the samples are collected 
shortly after parturition, near the end of lactation period, or from mastitic quarters (Kang'ethe  
2000).  
MRT was conducted by firstly testing the positive control. This was conducted by 
preparing sterilised distilled water. Then 1ml of sterilised distilled water was added to the 
positive serum container (containing freeze dried serum) and shaken to homogenise the 
solution. Two drops of the positive serum solution were added to a small tube containing 1ml 
of milk sample free of brucella, thereafter 20µl of Brucella antigen was added. Then the 
mixture was incubated at 37°C for one hour. After incubation, a blue ring was formed at the 
interface. The aim of this positive control is to show how a positive result would look like. 
 To test the samples 1ml of milk from each sample was pipetted into a 1.2ml Skatron 
tube (Skatronas, Lier, Norway), adding and mixing two drops of stained Brucella antigen. 
The tubes were thereafter incubated at 37°C for 1hour and results read. In this way, Brucella 
abortus and Brucella melitensis were both tested; the result was read and entered in an Access 
database. 
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3.3.2 Indirect Antibody ELISA 
The indirect ELISA test was done using the BRUCELISA 160M Kit purchased from 
Veterinary Laboratory Agency in United Kingdom. The reagents were prepared as follows: 
A Diluting Buffer solution was prepared by adding 5 tablets of PBS, 0.5ml phenol red 
indicator and 500µl of Tween 20 to 500ml distilled water. The pH of this solution was 
between 7.2 and 7.6. 
A washing solution was prepared by adding the content of the ampoule Na2HPO4 and 1ml of 
Tween 20 to 10 litres of distilled water. 
A substrate buffer was prepared by dissolving 1 tablet in 120ml of distilled water. The pH 
was between 3.9 and 4.4. 
The chromogen was prepared by dissolving 2 tablets of Azinobiethyl Benz Thiazoline 
Sulphonic acid (ABTS) in 1ml of sterile distilled water. 
The stopping solution was prepared by diluting the content of the ampoule of sodium azide 
with 500ml of distilled water. 
The positive, medium and negative controls were prepared each by adding 1ml sterile distilled 
water in their respective ampoule. The mixture was allowed to stand until an even suspension 
was obtained and the entire content of the ampoule was completely dissolved. 
The ELISA test procedure started with the preparation of the plate by adding 50µl of 
diluting buffer to all wells, the 50µl of milk samples was added in the wells. Columns 11 and 
12 were left for controls. Fifty micro litres of positive control was added in wells in columns 
11. Fifty micro litres of medium control was added to wells A12, B12, C12 and D12 and 50µl 
of negative control was added to wells E12, F12, and G12. Well H12 was left empty as it is 
used to blank the plate. Then the plate was covered with lid and incubated at 37°C for 1 hour 
without shaking. After incubation the content of the plate was shook out and the plate was 
washed five times with wash solution then dried by tapping thoroughly on absorbent paper 
towel. The conjugate solution was prepared and 100µl added to all wells and the plate was 
covered with lid, incubated at 37°C for 1 hour, then rinsed five times with wash solution then 
dried with by tipping thoroughly on absorbent paper towel. The substrate solution was 
prepared by adding 300µl of ABTS to 12mls of substrate buffer plus 60µl of hydrogen 
peroxide. The 100µl of the mixture was added to all wells. Then the plate was left at room 
temperature in the dark for 15 minutes. After that, the plate was read at 405nm blanked on 
well H12. 
 35 
3.4 Focus group discussion 
After laboratory investigation, a Focus Group Discussion (FGD) was held with 
farmers at the Kasarani livestock office. Twenty five farmers and 15 milk sellers were invited 
to the FGD but only 19 farmers attended. Other participants were the investigator, the Nairobi 
livestock officer, the extension officer, a professor from the University of Nairobi. The 
discussion started with a brief presentation of the result of the survey, followed by questions 
and answers aiming at collecting other information to clarify some aspects which did not 
appear in the survey. Thus, using a check list, the facilitator guided the participants as they 
discussed about the availability of feed throughout the year, advantages and disadvantages of 
the different marketing channel, the issue of hygiene and their knowledge, practices and 
attitudes about bovine and human brucellosis. The discussion lasted for two and half hours. 
3.5 Data analysis 
 Data from the household questionnaire and laboratory analysis were entered into 
Microsoft Access 2003. Statistical analyses were done with SAS version 9.2, all confidence 
intervals were computed at 95% level of confidence. 
Firstly, qualitative data such as husbandry practices (feed and feeding, health care, calving 
handling, milking, milk processing…) and type of breed were analysed in order to know what 
practices are undertaken by most of the farmers. The proportions (%) of farmers applying 
each practice were computed and the exact interval (Pearson-Clopper) estimated, using a 
binomial model with “Proc freq” procedure. 
Then farms were classified according to the feeding system (zero grazing and semi-zero 
grazing) and possible linkages with the breed kept and herd size were determined in order to 
see whether the feeding system is linked to the  breed kept or herd size. In each system (zero 
grazing and semi-zero grazing), practices were screened to identify those that might allow 
brucellosis to infect the herd, milk and milk products. Milk marketing and channels were also 
describe to find out at which level the probability of the milk and / or milk products to be 
contaminated with brucella might be high.  
Quantitative data such as herd size, milk quantities were analysed by determining the mean, 
the minimum and the maximum value using the “Proc surveyselect” procedure and milk 
production in the two systems was compared using the “Proc glm” procedure. 
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4. Results 
4.1 Husbandry practices in Kasarani 
 The study reported that dairy farming is not a recent activity in Kasarani Division, as 
the average dairying experience is 10 years (SE=0.86). This indicates that dairy farmers in 
Kasarani have got a long term experience in dairy activity however; all farmers did not get 
their first cow in the same way. Table 7 gives the different modes of acquisition of the first 
dairy cow in Kasarani division. 
Table 7: Mode of acquisition of the first cow 
 
Mode of acquisition Number of farmers Lower limit 
(%) 
Percentage Upper limit 
(%) 
Purchase 90 85.7 92.7 95.0 
Gift 7 2.9 7.2 14.3 
From a project 0 0 0 0 
By upgrading 0 0 0 0 
 
None of the farmers interviewed reported to have received animals from a project or by 
upgrading the local breed. Few of them started dairy farming when they received a cow as a 
gift from a family member while the majority (93%) got their primary foundation stock by 
purchasing the first dairy cow either within Kasarani or from outside Kasarani. Table 8 gives 
the different origins of dairy cattle kept in kasarani.  
Table 8: Origin (district) of the cows kept in Kasarani 
 
Origin Number of farmer Lower limit 
(%) 
Percentages  Upper limit 
(%) 
Outside Kasarani 72 62.13 72 80.8 
Within Kasarani 28 19.48 28 37.87 
Other part of Nairobi 43 33.14 43 53.29 
Kiambu 33 23.92 33 43.12 
Muranga 8 3.52 8 15.16 
Thika 7 2.86 7 12.89 
Nyeri 3 0.62 3 8.52 
Naivasha 2 0.24 2 7.04 
Rift valley 2 0.24 2 7.04 
Machakos 1 0.03 1 5.45 
Nakuru 1 0.03 1 5.45 
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As it is shown on Table 9, only few of the farmers (28%) interviewed got the first cow within 
Kasarani, while the majority (72%) got the first cow from outside Kasarani. Most of the 
animals came from other part of Nairobi province (43%) and Kiambu District (33%). 
The composition of the herd varied from farm to farm. Cows were obviously found in all 
farms visited, while heifers, calves and bulls were absent in some farms (Table 9) 
Table 9: Composition of the herd 
 
Herd composition Number of farms minimum Mean (SE) maximum 
Cows 100/100 1 3.53 (0.381) 28 
Heifers  74/100 0 1.78 (0.218) 12 
Calves 62/100 0 1.43 (0.175) 10 
Bulls 10/100 0 0.28 (0.097) 6 
 
Heifers were kept in the farms as replacement stock while bulls were sold early to avoid extra 
costs by feeding. 
All the farmers had at least one worker who was in charge of cleaning the cattle shed, 
collecting Natural grasses and Napier grass, feeding, milking and in a few cases selling milk. 
Workers played an indispensable role in dairy farming because all the farmers reported to be 
involved in other farming activities, such as subsistence crop production. Some of them kept 
other animals such as sheep, goats, poultry, rabbits or pigs. Non-farm activities such as 
government employee, private business, shop keeping were also cited by some farmers (Table 
10). All the farmers reported to have technical advices from the livestock extension officer.  
Table 10: Other activities 
 
Other activities Number of farmer Lower limit 
(%) 
Percentages Upper limit 
(%) 
Subsistence crop 
production 
 
100/100 
 
96.38 
 
100 
 
Keeping other animal 
(small ruminants, 
poultry, pig or  rabbit) 
 
52/100 
 
41.68 
 
52 
 
62.10 
Government employee 35/100 25.63 35 45.18 
Private business 17/100  17  
 
4.1.1 Housing 
Sixty seven percent of the farmer kept their cattle within their own residence 
compound while 33% used a separated shed located out of the family residence. The cattle 
sheds did not vary much in the Division; the main construction materials were woods and iron 
sheet. The study revealed two main types of cattle shed in Kasarani Division: cattle sheds 
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made with woods and roofs and cattle sheds made with stones, woods and the iron sheet. 
Cattle sheds made with wood and roofs dominated in the study area (Table 11) 
Table 11: Type of cattle shed 
 
Construction material Number of farmer Lower limit 
(%)  
Percentages Upper limit 
(%) 
Wood and iron sheet 66 55.85 66 75.18 
Wood, stones and iron  
sheet 
34 24.82 34 44.15 
 
In most of the farms visited (66%), the cattle shed was constructed with wood and iron 
sheet only, because wood and iron sheet are cheaper and easily accessible compared to stones 
which are expensive and therefore, were used in few farms (34%) in addition to wood and the 
iron sheet, to surround the shed. In the cattle shed, one could observe a place for sleeping, a 
milking place and a place for feeding. The milking place was located at the corner of the 
stable. By visual observation, the hygienic status of the milking place was generally poor, 
except in few farms (8 farms) where the milking place showed good hygiene (well clean). In 
general, the floor was cemented but always covered with the cattle dung even though many 
farmers reported to clean the cattle shed every day. Cleaning consisted of removing the cattle 
dung every day and washing the cattle shed every day or once a week. Disinfectants were 
rarely used for washing; only 15 farmers reported to use disinfectants when washing the cattle 
shed. The disinfectant used was: Sodium chloride. 
Fifteen farmers never cleaned the cattle shed. Different types of feeding trough were 
used; in most of the farms (60 farms), they were constructed with stones while other farmers 
used wood (33 farms) or plastic and metal containers (3 farms). In 52 farms, water troughs 
were made with stones while 48 farmers used plastics or metal containers to provide water to 
animals. The hygienic status of the cattle shed and the animals was generally poor, but some 
farms (7 out of 100) showed a good hygienic status, with well clean cattle shed and clean 
animals. 
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4.1.2 Feed and feeding systems 
Two main feeding systems were found in the study area: zero grazing and Semi-zero 
grazing (Table 12). 
Table 12: Feeding systems in Kasarani Division. 
 
Feeding systems Number of farmer Lower limit 
(%)  
Percentages (%) Upper limit 
(%) 
Zero grazing 86 77.63 86 92.13 
Semi-zero grazing 14 7.87 14 22.37 
 
Table 12 shows that the feeding system which dominated in the Division was the zero 
grazing which was applied in 86% of the farms visited. In this system, animals do not move; 
the feed is collected from outside and brought to them in the stable. The second feeding 
system was semi-zero grazing, applied in 14% of farms. In this system, the animals were 
released for grazing in the morning and kept indoors during night. In semi-zero grazing farms, 
the grazing areas varied; 5 farmers grazed their animals within the compound, 4 farmers just 
tethered their animals in unoccupied fields near the family house while only 3 farms 
conducted their animals to graze along the road and in unoccupied fields far from the family 
house. In this late case, two farmers reported to use the same shepherd who took care of their 
animals together for grazing at the same time. Two farmers reported to use both zero grazing 
and semi-zero grazing. In this case only milking cows are stall-fed during the lactation period 
while other animals (heifers, calves and dried cows) were released for grazing and kept 
indoors at night. 
In 61% of farms, feeds, especially dairy meal and hay were kept in a special built 
store, 27% of farmers kept the feed in one room in the family house and 11% kept it in a 
corner of the stable. The main hygienic practice regarding feed was to keep feed on a raised 
platform. Other hygienic practices consisted to store feed in bags in a dry environment and 
keep it away from rodents. 
Different feed stuffs were used by farmers in Kasarani Division: Pennisetum purpureum 
(Napier grass), natural grasses, crop residues, brewery’s wastes, hay and dairy meal (Table 
13).  
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Table 13: Different feed stuffs used in Kasarani Division 
 
Feed stuffs Number of farmer Lower limit 
(%) 
Percentages  Upper limit 
(%) 
Napier grass 100/100 96.38 100  
Natural grass 86/100 77.63 86 92.13 
Dairy meal 96/100 90.07 96 98.9 
Crop residues 84/100 75.32 84 90.57 
Brewery waste 10/100 4.90 10 17.62 
Hay 21/100 13.49 21 30.49 
Poultry waste 6/100 2.23 6 12.6 
 
The Table 13 shows that Napier grass was the most commonly used feed since all the 
farmers interviewed reported to use it. Napier grass was harvested from the farm, transported 
by carrying on the head, on a wheelbarrow or using a vehicle. Napier grass was then cut into 
small pieces, using a motorised cutter before being provided to animals. 
Natural grass was also widely used, but not as much as Napier grass, since only 86% 
of the farmers used natural grass which was collected from road side reserves and on 
uncultivated area. Natural grasses were collected in bags and carried on the head or in 
wheelbarrows. Crop residues were used in 84% of the farms and were composed of banana 
leaves, green bean waste and immature maize. Dairy meal was also widely used (96% of the 
farmers), but it was fed only to milking cows only during the lactation period. In some farms 
dairy meal was provided only during the milking time in order to attract the cow in the 
milking place and make it quiet when being milked. Hay was used only by 21% of the 
farmers, because of its high cost (Ksh 1120/5kg = 11.20€). Other feed stuff such as brewery 
wastes and poultry waste were rarely used, 10% and 6% respectively. No farmer reported to 
use only one feed stuff; all of them used several feeds. 
Feed was provided thrice a day; early morning, midday and evening. Two main 
minerals supplements were used (Table 14). Mineral blocks (MB) which were hanged in the 
stable to be licked by the animals and High Phosphorous for Dairy (HPD) which was mixed 
with dairy meal. In most cases, farmers used both MB and HPD in order to achieve high milk 
production; only a few farmers (4 farmers) indicated to do not use minerals supplement at all. 
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Table 14: Feed supplement used in Kasarani Division 
 
Feed supplements Number of farmer Lower limit 
(%) 
Percentages Upper limit 
(%) 
Mineral blocks (MB) 
only 
22 14.33 22 31.39 
High Phosphorous for 
Dairy (HPD) only 
4 1.10 4 9.93 
MB and HPD 70 60.02 70 78.76 
4.1.3 Water and water source 
The study revealed divers water sources in Kasarani among which the city piped water 
was the most commonly used by the majority of farmers. Other water sources were ponds, 
hand dug shallow well and the Kamiti river (Table 15). Six of the farmers using city piped 
water reported to treat water before providing to animals, and only one farmer using water 
from pond affirmed to treat water. Farmers who used water from river conducted their 
animals to the river after grazing. 
Table 15: Water source used in kasarani 
 
Source of water Number of farmer Lower limit 
(%) 
Percentages  Upper limit 
(%) 
City pipe water 88 79.88 88 93.64 
Ponds 6 2.23 6 12.6 
Hand dug shallow well 3 0.62 3 8.52 
Kamiti river 3 0.62 3 8.52 
4.1.4 Breeds and breeding 
As it is mentioned in materials and method, 3 breed group were selected: pure exotic 
breeds, crossbred and local breeds. The number of cows varied widely from one breed group 
to another. Table 16 gives the average and the total number of cows in each groups of breeds 
found in Kasarani. 
Table 16: Average and total number of cows in each breed group. 
 
Group of breeds Minimum Mean (SE) Maximum Total number 
Pure exotic breeds 1 5 (0.81) 28 196 
Crossbred 1 2.6 (0.68) 9 143 
Local breeds 1 1.7 (0.44) 5 14 
 
Friesian was the predominant breed found in the Division (85% farms), followed by 
Ayrshire (44% farms), Guernsey (16% farms) and zebu (8% farms). Table 17 gives the 
average number of cows per breed found in Kasarani. 
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Table 17: Dairy cattle breeds kept in Kasarani 
 
The majority of the farmers do not keep only one breed in the farm; they preferred to 
associate at least two different breed. Table 18 gives the different association found in the 
area. 
Table 18: Proportion of farmers keeping each breed 
 
 
Almost all the respondents (91%) indicated to use artificial insemination (AI) service. 
Bull service was used only by the farmers who kept local breeds (8%) who indicated to get 
the bull from the neighbour. Only one farmer reported to use both AI and bull services. 
Handling calving consisted in helping the cow during difficult calving, cleaning and 
separating the calf immediately after calving. Cases of difficult calving were very rare and 
farmers who experienced it indicated to call a veterinary doctor when it occurred; they do not 
help the cow themselves. After delivery most of the farmers leave the calf to be licked by the 
dam. Only few of the farmers (19%) reported to clean the calf either by washing or wiping. 
All the farmers reported to isolate the calf in a small shed and provide colostrums for the first 
3 days, and milk for the first 3 months. Only 18 farmers indicated to wear gloves when they 
clean the calf, and 2 farmers reported to carry the calf in a bag. Many farmers (80 out of 100) 
do not wear any protection when cleaning and separating the calf. 
4.1.5 Milking and milk marketing 
Out of the interviewed dairy cattle producers, 99% milked their cows with hands. Only 
one farmer reported to use a machine for milking.  In all farms, cows were milked twice a 
Breeds  Minimum Mean (SE) Maximum Total 
Friesian 1 3 (0.24) 28 258 
Ayrshire 1 1.6 (0.7) 7 75 
Guernsey 1 1.3 (0.3) 3 21 
Zebu 1 1.7 (0.44) 5 14 
Breeds  Number of farms Lower limit 
(%) 
Percentages  Upper limit 
(%) 
Only Friesian 40 30.33 40 50.28 
Friesian + Ayrshire 31 22.13 31 41.03 
Only Local breed 8 3.52 8 15.16 
Friesian + Ayrshire + 
Guernsey 
8 3.52 8 15.16 
Friesian +Guernsey 6 2.23 6 12.6 
Only Ayrshire 5 1.64 5 11.28 
Only Guernsey 2 0.24 2 7.04 
Ayrshire + Guernsey 0 0 0 0 
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day; early in the morning and in the evening. However, farmers who kept purebreds reported 
to milk their cows thrice a day at early lactation (morning, noon and evening) because milk 
production is high during the first 3 months of lactation. Farmers indicated that they complete 
their morning milking between 06.00 and 08.00 hours while evening milking was completed 
between 06.00 and 07.00 hours. To be milked, the cows were attracted in the milking place 
with dairy meal that they eat while being milked. The milking tools were the same in all 
farms. Farmers indicated to use warm water to wash udders, a towel to wipe udders, milk 
salves and a basket to collect milk.  
Hygienic practices regarding milking were also similar in all farms and consisted to 
take the cow in the milking place, wash hands, wash milking utensils, wash udders, wipe the 
udders with a towel and apply milk salves. Milking towels were washed after every milking 
and hanged in the cattle shed. Eight farmers reported to have one towel for each cow.  
The overall daily milk production varied from farm to farm; therefore, the quantity of 
milk sold and milk consumed in the household also varied. Table 19 gives average milk 
produced, sold and consumed per household.  
Table 19: Milk produced, sold and consumed per household per day.  
 
 Minimum 
(litre) 
Mean (SE) 
(litre) 
Maximum 
(litre) 
Milk produced 2 33.1 (4.39) 300 
Milk sold 1 27.1 (4.11) 289 
Milk consumed 1 3 (0.26) 18 
 
The Table 19 shows that milk production per day and per household in Kasarani 
Division ranged from 2 litres to 300 litres, with an average of 33.17 litres. Figure 6 gives the 
average milk produced, sold and consumed per day and per household in Kasarani). 
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Figure 6: Average milk produced, sold and consumed per day and per household in 
the two production systems 
In the zero grazing system, daily milk production ranges from 5 litres to 300 litres, 
with an average of 36.3 litres per household while in the semi-zero grazing system it ranges 
from 2 to 62 litres with an average of 16.7 per household.  
 Out of the interviewed farmers, only 3% used the whole milk produced for home 
consumption; these 3 farmers were in semi-zero grazing. The majority (97%), produced milk 
primarily for the market. The only milk processing practice found in the studied area 
consisted in the traditional fermentation of milk into what is called in the local language 
“Mala”. This fermentation was undertaken only by 2 farmers who reported to ferment part of 
their milk for home consumption; the majority (98%) reported to sell and consume milk 
without having processed.  
The predominant dairy product for sale in the studied area was fresh milk which was 
the only product sold by all the farmers interviewed, who indicated to sell fresh milk without 
having to boil it. However, all the farmers interviewed boiled milk before they consume in the 
family. Only milk sellers reported to sell fermented milk which was made using unsold milk. 
Milk fermentation was therefore a means to salvaging milk from spoiling when fresh milk 
was not completely sold but left over.  
Milk marketing and channel system were very divers. Figure 7 shows the different milk 
channels prevailing in Kasarani Division.  
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Figure 7: Milk marketing channels in Kasarani. 
 
The above figure shows that the majority of the farmers (66%) sold their milk directly 
to consumers, 26% indicated to sell their milk to sellers and only 7% sold their milk 
exclusively to cooperatives such as Kasarani dairy, Dumberi and KCC. Only one farmer 
reported to sell milk to mobile milk sellers. Informal milk marketing is predominant in 
Kasarani. The driving force behind this informal milk marketing system could be the price of 
milk. The farm gate price at which milk was sold varied depending to the channel. The 
farmers who sold milk to cooperatives indicated a range of Ksh 26 (0.26 Euro) to Ksh 32 
(0.32 Euro) per litre. Farmers who sold milk to sellers indicated a price ranging from Ksh 30 
(0.30 euro) to Ksh 35 (0.35 Euro) per litre while farmers who sold milk directly to consumers 
indicated a price ranging from Ksh 35 (0.35 Euro) to Ksh 40 (0.40 Euro). Farmers in Kasarani 
preferred to sell milk directly to consumers because of the high price they got by dealing 
directly with consumers. Despite this high price, some farmers (7%) preferred to sell milk to 
cooperatives because when dealing with cooperatives, farmers can get credits from the 
cooperative. 
Two types of containers were found in the studied area; plastic containers and metal 
containers. Plastic containers were reported to be used by all interviewed farmers. In addition 
to plastic containers, 28% of farmers indicated to use metal containers because they are easy 
to clean and last longer.  
 
Milk sellers 
Cooperatives 
Mobile milk sellers 
 
66% 1% 26% 
7% 
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4.1.6 Diseases and health care 
Six diseases were reported by farmers in Kasarani; Mastitis, Foot and Mouth Disease 
(FMD), East Cost Fever (ECF) and Lumpy Skin (LS) were among the most prevalent 
diseases. Pneumonia was also reported  by few farmers. Disease prevention was achieved by 
applying vaccination, all the farmers indicated to have vaccinated their animals against FMD 
and LS during massive vaccination campaigns undertaken by the government for a fee. 
Vaccination against ECF was done by a private veterinary also for a fee while other diseases 
such as mastitis and pneumonia were cured by the veterinary doctor when they occurred in a 
farm. Abortions in cattle were reported in 19% of farms. Ten of them said they handle aborted 
foetus with bare hands, 5 farmers indicated to use gloves or other protection such as bags and 
4 farmers preferred to call the veterinary doctor in case of abortion. The aborted foetus was 
buried down in all cases. No animal was vaccinated against brucellosis and no farmer reported 
a case of brucellosis.  
4.1.7 Milk handling by market agents 
Methods of milk handling did not vary much between the sellers, certainly because all 
the 20 milk sellers interviewed belonged to the same category, the category of retailer who 
buys milk and sells in small quantities (one cup, one litre). In addition to raw milk they sold 
tea milk and Mala (fermented milk). Surprisingly and contrary to expectations, the study 
revealed that most of the milk sellers collected their milk from outside Kasarani District. 
Table 20 gives the origins of milk sold in Kasarani. 
Table 20: Origins of milk sold in Kasarani 
 
Origins Number of sellers 
Out of 20 
Lower limit 
(%) 
Percentages Upper limit 
(%) 
Out side Kasarani 13 38.44 61.90 81.49 
Within kasarani 7  18.11 38.10 61.56 
Kiambu District 4 5.45 19.05 41.91 
Muranga District 3 3.05 14.29 36.34 
Nairobi District 2 1.17 9.52 30.38 
Thika District 2 1.17 9.52 30.38 
Kigumo District 1 0.12 4.76 23.82 
Juja District 1 0.12 4.76 23.82 
 
The Table 20 shows that out of the 20 sellers, only 7 sellers reported to get their milk 
within Kasarani Division while the majority (13 sellers) indicated to get their milk from 
outside Kasarani Division. Muranga and Kiambu Districts were the main suppliers of milk in 
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Kasarani. All the sellers who collected milk from out side Kasarani reported to be supplied by 
intermediate sellers who collect milk in different farms and supply sellers in Kasarani. In this 
case sellers receive pooled milk from different farms and do not know from which farm or 
from how many farms milk has been collected. On the other hand, sellers who got milk within 
Kasarani reported to collect milk directly from farmers. Four sellers indicated to collect milk 
from only one farm, but not necessary the same farm, 2 sellers collected milk from 2 farms, 1 
seller collected milk from 4 farms and another seller collected milk from 6 farms. Only the 
seller who collected milk from 6 farms affirmed to pour all the milk in one container, the 
other sellers indicated to do not mix milk from different origins.  
Two main types of containers were used for milk collection; 15 sellers (71.4 %) used 
plastic containers whereas 6 sellers (28.5 %) used aluminium containers. The preference of 
plastic containers is because they are cheap and easy to get. On the other hand, all milk sellers 
used plastic bags to serve milk to costumers. 
Overall, only 31.8 % of sellers check the quality of the milk they receive using a lactometer to 
check whether water has been added to the milk, the majority do not check the quality of the 
milk at all. The study also showed that milk retailers in Kasarani have poor knowledge about 
milk hazards; only one seller reported to know about brucellosis, the majority knew that there 
are some diseases which can be present in milk and be a threat to the health of consumers, but 
they were not able to mention any specific one. Therefore, in order to kill potential pathogenic 
agents, sellers boiled milk which is consumed in the shop, while milk which is taken for home 
consumption was not boiled; it is the duty of the consumer to boil it himself. Left over milk 
which is used for fermentation to make “Mala” was not boiled. 
4.2 Brucellosis prevalence 
A total of 120 milk sample, 100 from dairy farms and 20 from sellers (retailers), were 
analysed for brucellosis using MRT and indirect ELISA. Result from MRT revealed only 6 
samples positive to brucellosis at farm level and zero samples positive at market level. This 
gives an apparent prevalence of 6% at farm level and 0% at market level, and a 95% 
confidence interval estimate for population apparent prevalence of 1 to 10%. Table 22 gives 
the number of farms infected in each system and breed type. 
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Table 21: Prevalence of brucellosis in each system and breed according to MRT 
  Number of  
farm infected 
Prevalence 
(%) 
Zero grazing 6 out of 86 6.9  
Systems Semi-zero grazing 0 out of 14 0 
Crossbred 4 out of 53 7.5 
Pure exotic breed 2 out of 39 5.1 
 
Breeds 
Local breed 0 out 8 0 
 
Interestingly and contrary to expectations, indirect ELISA revealed 0% prevalence of 
brucellosis at farm level as well as at market level. 
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5. Discussion 
5.1 Housing and hygienic status  
In Kasarani, most of the farmer (66%) use wood and the iron sheet to build the cattle 
shed; this is probably because wood and iron sheet are cheaper and ease to access compared 
to stones which are expensive and are used in few farms (33%) to surround the shed. 
Although in the shed one could observe the places allocated to different activities (milking 
place, feeding place, sleeping place) in many farms there was no separation between the 
different places. This leads to a poor hygienic condition of the milking place which was in 
must of the cases, covered with the cattle dung and could heavily influence the safety of milk 
while milking. Housing aims at protecting the cattle against environmental hazards, but in 27 
farms, cows were injured by the iron sheet used to build the shed and they were thus exposed 
to bacterial hazards which could easily penetrate the body through the wounds. Cattle shed 
should also allow ease management; therefore it should be built so as to facilitate routine 
activities (feeding, watering, milking, waste management…) and therefore insure the safety of 
milk. 
5.2 Dairy cattle breeds and breeding technique 
The type of breed which predominates in Kasarani Division is crossbred (53%), 
followed by pure exotic breeds (39%) and at a lower extend local breeds (8%). The choice of 
the breed was guided by the potential quantity and the quality of milk produced by each 
breed. Friesian was the most predominated breed in the area (85%) because of it’s high milk 
production, followed by Ayrshire (44%) and Guernsey (16%) because of the better fat content 
of the milk, then comes the local breed (8%). Many farmers rather preferred to associate both 
Friesian and Ayrshire in their farm. The reason for choosing this association of Friesian and 
Ayrshire was common for all farmers; By keeping both Friesian and Ayrshire, farmers wanted 
to have high milk production from Friesian and improve the fat content by mixing with milk 
from Ayrshire.  
The predominance of Friesian and Ayrshire shows the willingness of dairy farmers in 
Kasarani to improve their milk production by keeping improved breeds capable to produce 
high quantity of milk. This result confirms the findings of previous studies which showed that 
Friesian and Ayrshire are the most used breeds in smallholder urban and peri-urban dairy 
farms in Kenya (Bebe 2003), and in other east African countries such as Ethiopia (Tegegne 
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1998). The breeding techniques applied in Kasarani are A.I. (92%) for crossbred and pure 
exotic breed and bull service (8%) only for local breeds. This proportion of farmers using AI 
in Kasarani is high compared to the results found by Reynolds (1991) who revealed that only 
54% of farmers involved in the NDDP used AI in Kenya. Syntayehu (2008) also showed that 
only 50% of dairy farmer use AI in urban and peri-urban areas in Ethiopia. The high 
proportion of A.I in Kasarani nowadays could be justified by the intensification of dairy 
farming, with many farmers keeping improved breed. 
5.3 Milk production and feeding system 
Daily milk production ranged from 2 l to 300 l, with an average of 33 l per day per 
household. This production is higher compared to other peri-urban area in the Nairobi 
province, such as Pumwani and Dagoretti Divisions where daily milk production are 15 l and 
25 l per household respectively (MoARD 2007). The reason behind this high production in 
Kasarani could be on one hand the predominance of crosses and pure breeds (mostly Friesian 
and Ayrshire) and one another hand the predominance of zero grazing. In fact two main 
feeding practices prevail in Kasarani; zero grazing (86%) and semi-zero grazing (14%). This 
result fits with the one from Reynolds (1991) which showed that zero grazing is the most 
predominant system in smallholder dairy farms in urban and peri-urban areas in Kenya. The 
main reasons for choosing this system in Kasarani were the lack of land and to maximise milk 
production; then other reasons such as good and ease management, diseases prevention also 
supported the zero grazing. Contrarily to Lanyasunya (2001) who showed that only local 
breeds were still subjected to grazing in Kenya, this study revealed 7 farms in which 
crossbred were also subjected to grazing while all exotic breeds were subjected to zero 
grazing.  
5.4 Milk handling 
 The quality of milk is heavily influenced by the way that milk is handled by the 
different actors of the dairy sector (farmers and sellers). In Kasarani Division, milking is the 
duty of the worker in most of the farms (92%), only 8% of the farmers interviewed milked 
their cow themselves. But the contrary was shown in Ethiopia where Sintayehu (2008) found 
that in dairy farms around Addis Ababa, milking was predominantly handled by household 
wives or adult females. The involvement of workers in milking in Kasarani could be justified 
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by the fact that dairy farmers in kasarani are involved in other activities (cropping, 
government employee, private business…).  
The milking technique is hand milking, applied in 99% of the farms whereas only one 
farmer used a small milking machine. This hand milking could have an impact on the safety 
of milk and milk products if the hygienic condition of the worker is not good. Although they 
reported to wash hands before milking, they did not wear a special clothe (lab-coat) while 
milking. Other factors affecting the quality of the milk are related to milking utensils. In fact 
the quality of milk and milk products can be strongly affected by the type of milking utensils 
and containers used for selling as well as the method and the frequency of cleaning. With 
regard to the type of milking utensils and containers, all the farmers used plastic milking 
utensils and plastic containers for selling milk. Plastic milking utensils and containers were 
widely used on the one hand because they are cheap and ease to get, and on the other hand 
because they were available in small size (1 and 2 litres) and were more practical to take small 
quantities of milk (1 and 2 litres) to different consumers. In addition to plastic containers, 
28% of farmers indicated to use metal milking utensils and containers because they are ease to 
clean and last longer. The same situation was observed in the market where all the sellers kept 
milk in large plastic containers and used plastic bags to serve milk to consumers. This 
confirms the findings of Omore (2004) who showed that plastic containers are the most used 
by dairy farmers and milk sellers in Kenya. These plastic containers could affect  the quality 
of milk, since in a study conducted in Nairobi by the same author (Omore 2004) 22% of 
samples from milk traders contained E. coli, 84% contained total bacterial counts exceeding 
standards (more than 2 millions cfu/ml) and 48% contained coliform counts exceeding 
standards (more than 50.000 cfu/ml). All these samples belonged to small traders using plastic 
containers. 
5.5 Milk consumption and marketing 
In Kasarani, milk is consumed mostly in the fresh form; no farmer reported to process 
milk. Similar studies in other parts of the country showed the same figure on milk utilisation 
in Kenya. According to Mulling (1994), the percentage of household regularly consuming raw 
milk in Kenya is high, ranging from 70% in rural locations to 92% in urban locations. But in 
other countries such as Ethiopia, the situation is different; in peri-urban areas around Addi-
Ababa, many farmers process milk into several products (yoghurt, traditional butter, 
traditional cheese, traditional hard cheese) (Mohamed  2003). 
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As in other areas in Kenya and in most African countries (Karanja 2003), milk 
marketing in Kasarani is dominated by the informal market in which the majority of farmers 
sell milk directly to consumers (66%), 27% sell milk to a middlemen and only 7% sell milk to 
cooperatives. The milk channels from farmers to consumers also affect the safety of milk; the 
more the channel is long, the more milk quality would decrease. In fact, a study conducted by 
Omore (2004) in Kenya (Nairobi and Nakuru) showed that the average total bacterial counts 
in milk were low (15.3x106 cfu/ml) in milk from farmers using short market chain (sell 
directly to consumers) and high (39.8x106 cfu/ml)  for mobile traders, milk–bars and 
shops/kiosks using long market chains. Coliform bacterial counts also showed the same 
figure, with 16x10
3 
cfu/ml in milk from farmers using short market chain and 50x10
3 
cfu/ml 
for mobile traders, milk–bars and shops/kiosks using long market chains 
Although the type of housing, hand milking, milk handling have not been reported to strongly 
affect the quality of milk regarding brucellosis, many studies have demonstrated their 
implication in milk contamination with other hazards, mainly total bacterial counts, coliform 
bacterial counts and E. coli. Regarding brucellosis, other practices such as breeding 
techniques, feeding system and also milk channel are the ones which could influence the 
prevalence of brucellosis in an area. 
5.6 Brucellosis prevalence in Kasarani 
The result from MRT confirms that bovine brucellosis exists in urban smallholder 
dairy farms in Kenya. The observed prevalence of brucellosis with MRT (6%) at farm level in 
Kasarani is surprisingly high compared to the results from previous studies conducted in other 
locations. In Narok District where extensively grazed pastoralist zebu herds predominate, a 
MRT revealed an apparent prevalence of 3.9% and 3.4% at farm and informal market levels 
respectively (Kang’ethe 2000). In another location such as Kiambu, Kadohira, (1997) 
reported a 2% apparent prevalence of bovine brucellosis in the smallholder system, using 
MRT. But contrary to these previous studies and contrary to expectations, all the farms which 
tested positive with MRT in Kasarani were zero grazing farms. 
Contrary to MRT, the result from indirect ELISA revealed an apparent prevalence of 0% at 
both farm and market level. This result is close to that of Kang’ethe (2007) who found an 
apparent prevalence of bucellosis of 1.0% in Dagoretti Division using indirect ELISA. The 
observed prevalence (0%) with ELISA in Kasarani demonstrates that there is no bovine 
brucellosis in Kasarani. This result confirms the result of Arimi et al (2005) who found 0% 
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prevalence of brucellosis in Nairobi using indirect ELISA. But the same author found a high 
prevalence of 12.3% in a study that tested informally marketed milk in Kenya, with milk 
samples being collected from different production systems. A higher prevalence of brucellosis 
(44%) in milk from urban dairy farmers in Kampala using MRT has been reported 
(Nyasinyama 2005). 
The difference in results from MRT and indirect ELISA can be justified by the lower 
sensitivity and specificity of MRT which gives a high proportion of false-positive when milk 
samples have been collected at early or later lactation. It is then likely that samples which 
tested positive with MRT were collected at early or later lactation. Indirect ELISA being the 
most accurate test gave an apparent prevalence of brucellosis in Kasarani (0%) closes to other 
studies in Nairobi (0%) (Arimi 2005) and in Dagoratti (1%) (Kang’ethe 2007).  
The absence of brucellosis revealed in this study might be biased by the small sample 
size and the method of selection applied. In fact, because of many constrains mentioned in the 
material and methods, it was not possible to apply a good stratification of the population and a 
truly random sampling within the short time allocated. All the farmers surveyed in the study 
were selected by the extension officer who obviously chose his best farmers. This was 
confirmed during the survey since all the farmers indicated to receive technical advises from 
the extension officer allowing them to apply good practices such as zero grazing, artificial 
insemination and avoid infection with diseases such as brucellosis. The number of farms 
surveyed in each stratum was not equal as it was initially planned. Maybe the extension 
officer, for a reason or another, tried to avoid some farmers in order to give good impression 
of the dairy sector in his area. In addition, out of the 7 locations that constitute Kasarani 
Division, the study took place in only the four locations which are known as the main 
locations where dairy activity is concentrated. Therefore the sample selected for this study 
might not be representative of the population. Nevertheless, the result of the study can be 
considered as preliminary dada that gives an overview of dairy activity and brucellosis 
prevalence in Kasarani Division. 
Despite the absence of brucellosis revealed in this study, the risk of contracting 
brucellosis still exits in Kasarani, since farmers still used some practices likely to support the 
infection with brucellosis.  
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5.7 Practices likely to support an infection with brucellosis in cattle 
First of all, the origin of the cow can play a role. There is a risk for a farmer to 
purchase a cow which is already infected with brucellosis. The study revealed that 33% of 
farmers bought their first cow from Kiambu. Knowing that a prevalence of 2% has been 
reported in Kiambu (Kadohira 1997), there is a probability for a farmer to buy an infected 
cow, although the risk is very low. Other areas in Kenya such as Kili District and Samburu 
District also showed a prevalence of 10% and 15% respectively (Kadohira 1997). Purchasing 
a cow from there area could also have an impact on brucellosis infection in Kasarani. 
Secondly the feeding system could also play a role in the infection with brucellosis in 
Kasarani since some farmers (14%) still practice grazing. Previous studies showed that the 
prevalence of brucellosis in a herd is high (5% to 41%) in the systems where animals move 
for grazing throughout the year (Domingo 2000). Although the results from MRT and ELISA 
showed a prevalence of 0% in semi-zero grazing farms, the risk of infection with brucellosis 
still exist because of a possible interaction with animals from other area which come to 
Kasarani for grazing. In fact during the survey farmers reported that many pastoralists usually 
come in Kasarani with their big herd to graze along the roads on natural grasses. Knowing 
that brucellosis prevalence is high in pastoralist’s herds (Domingo 2000), they can 
contaminate other animal when grazing on the same field. The migration of these pastoralist 
herds in Kasarani could also influence brucellosis infection in zero grazing farms. While 
grazing on natural grasses, pastoralist herds can contaminate the grasses; and these grasses are 
cut and provided to cattle in zero grazing farms. Although the risk is low but it can happens 
since 86% of the farmers surveyed in Kasarani used natural grasses for feeding and Brucella 
abortus can survive under the sunlight for 4 to 5 days at an ambient temperature ranging from 
10 °C to 31°C (WHO 2006) 
Another practice capable to bring brucellosis in Kasarani is the use of bull service for 
matting. Height percent of the farmers reported to use natural matting, using a bull from 
within or outside Kasarani. Thus the same bull can be used in different farms even outside 
Kasarani. Knowing that brucellosis can be transmitted from cow to bull and vice versa 
through sexual rout (CFSPH 2007), this practice could be considered as a risk factor for 
brucellosis. 
Regarding breeds, the result from MRT showed a prevalence of 7.5% in crossbred, 5% 
in pure exotic breeds and 0% in local breeds. This result tend to demonstrate that local breed 
might be resistant to brucellosis, but earlier studies conducted by Abebe (2008) in peri-uban 
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area in Ethiopia showed a prevalence of 3,9% in local breeds and 0% in crossbred. The 0% 
found in local breeds in this study could be justified by the very few number of local breed 
surveyed. 
The prevalence 7.5% and 5% observed on crossbred and pure exotic breeds respectively could 
be due to the fact that these breeds are high producers with long lactating period and are more 
likely to show false positive with MRT since MRT is likely to show false positive when milk 
is collected at early or later lactation. On another hand the result from ELISA (0%) shows the 
absence of brucellosis in all breeds, which could mean that brucellosis infection might be 
independent to the breed. To be more convinced further studies should be conducted with a 
bigger sample size and with a good random sample selection. 
5.8 Practices likely to support an infection with brucellosis in Human 
The tradition of boiling milk before consumption clearly removes the risk of 
contracting brucellosis as temperatures reached during boiling kill the brucella organisms. All 
the farmers interviewed boil milk prior to home consumption. Despite such practice that 
reduces the risk for man to contract brucellosis, farmers and sellers still have poor knowledge 
about brucellosis. The proportion of dairy farmers who had knowledge that cattle can transmit 
brucellosis to man was very low (8%). At market level, only one seller (retailer) knew that 
brucellosis can be transmitted to man through milk.  
Although abortions are not the evident signs of brucellosis, unless they occur at the 
end of the gestation, the risk exists because the proportion of farmers who handled aborted 
foetus with bare hands is high (10%). Another risk practice that could predispose consumers 
to contracting brucellosis in Kasarani is from consumption of fermented milk called “Mala” 
which is made with milk which is not boiled. At household level the risk is low because only 
2% of households indicated to make “Mala” for home consumption; but at market level, the 
risk is high since 100% of the interviewed sellers reported to make “Mala” using unboiled 
milk.  
In the commercialisation chain, the risk is low when the milk moves directly from 
farmer to consumer (Short chain). When milk passes through sellers the risk could depend to 
the area where the milk comes from. The risk is low for sellers who collect milk within 
Kasarani because all indicated to know in which farm the milk has been collected and 6 of 
them (out of 7) indicated to do not mix milk from different farms. The risk could be high 
when sellers collect milk from outside Kasarani because the milk they receive is already 
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pooled milk from different areas where brucellosis has been reported (Kiambu) or where the 
prevalence of brucellosis is not known (Muranga). Figure 8 gives the risk factors for 
brucellosis and other possible hazards likely to occur in different  steps of the production and 
marketing chain in Kasarani. 
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Figure 8: Observed risk factors for brucellosis and other possible hazards likely to 
occur in different steps of the production and marketing chain in kasarani. 
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6. Conclusion 
The study revealed two different feeding systems in kasarani; zero grazing and semi-
zero grazing. The result from MRT showed the presence of brucellosis in zero grazing farms 
while ELISA demonstrated the absence of the disease in both systems. Regarding breeds, 
MRT also showed that bovine brucellosis constitutes a threat for pure exotic breeds as well as 
for crossbred which predominate in the area whereas the result from ELISA demonstrated the 
contrary and did not  reveal any case of brucellosis neither in crossbred nor in pure exotic 
breeds. Local breeds did not show any case of brucellosis neither with MRT nor with ELISA. 
This result confirms the ability of MRT to give high proportion of false positive when milk 
samples are collected at early or latter lactation. 
The fact that brucella antibodies were not present in milk (considering results from 
ELISA) does not mean that dairy farmers in Kasarani are totally out of risk. At farm level, 
three critical points have been identified; 1) grazing which is still practiced by 14% of 
farmers, 2) feeding with natural gasses and 3) the used of bull services for breeding. These 
three practices still expose cattle to an eventual infection with brucellosis. At market level, 
also three critical points have been identified: 1) collection of milk from different area outside 
Kasarani, 2) mixture of milk from different areas, 3) fermentation of milk using unboiled 
milk. These three practices constitute the major risk factors which expose man to brucellosis 
in Kasarani. Concerning breeds, local breed is the one more likely to bring brucellosis in 
Kasarani not because they are physiologically vulnerable, but because all the farmers who 
keep local breed still practice grazing and use bull service. Crossbred are also exposed but at a 
lower extent because only 6 farmers who keep crossbred practice grazing. Pure exotic breeds 
are totally out of grazing; only the use of natural grass can expose them to brucellosis. Taking 
into consideration all these factors which still expose cattle to brucellosis, the absence of 
brucellosis in this study does not mean that Kasarani is free of brucellosis forever. Dairy 
farmers need to be educated in the transmission pathways and risk factors of brucellosis so 
that the risk can be kept low 
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Annex 
Annex 1: Questionnaire 
 
Farmer: ……………………………………..  Farm number: ……Farm 
size………….. 
Location: …………………………………   Ethnic group: …………………… 
Date: ………………………………………..  Religion: ………………………… 
 
I. General information on the farm 
1. From where did you get your primary stock and what control did you do to 
check the health 
statute?…………………………………………………………………………………… 
…………………………………………………………………………………………
…….. 
…………………………………………………………………………………………
…….. 
2. Herd structure (number of animals): 
  Milking cows: ………. Heifers: ……………. 
  Bulls: ………………. Calves: ……………..   
  Other 
animals:……………………………………………………………………….. 
3. Purposes of the farm: 
  a) Milk production  b) Milk and meat production 
4. Who is in charge of? 
  Feeding: …………………………. Milking: ………………………….. 
  Processing: ……………………….. Selling: …………………………… 
5. For how long have you been keeping dairy cattle? ................................................. 
6. What others activities are you doing? (Rank them in term of income) 
……………………………………............................................................................................... 
…………………………………………………………………………………………………... 
…………………………………………………………………………………………............... 
7. What are your motivations for doing dairy farming? …………………………... 
…………………………………………………………………………………………………... 
8. Did you have any formal or informal training in dairying? ……………............. 
………………………………………………………………………………………………….. 
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9. Are you getting any support from the government or a project for your dairy 
activity? a) No b) yes : Name of the project: …………………………………… 
II. Housing: 
10. What is the size of the stable? …………. 
Structure of the stable 
 a) All activities (feeding, calving, milking…) take place on the same area 
 b) Each activities is allocated to a specific area 
 c) Other:………………………………………………………………………… 
………………………………………………………………………………………… 
11. How do you clean the cattle shed? 
A) By removing the cattle dung/manure only 
a) Every day     b) Every other day 
c) Once a week   d) Once a month 
e) Once after 3 months (season) f) Never  
B) In addition to removing cattle dung, I wash the cattle shed 
a) Every day     b) Every other day 
c) Once a week   d) Once a month 
e) Once after 3 months (season) f) Never  
12. Do you use disinfectants when cleaning the cattle shed? ....... If yes Name 
them…… 
…………………………………………………………………………………………………
…….. 
III. Feeds and feeding system. 
13. What types of feed stuff do you use the whole year (composition if possible)? 
  a) Natural pasture: ……………………………………………………………… 
b) Improved pasture (planted)………………………………………………….. 
  c) Crop residues: ……………………………………………………………….. 
  d) Commercial feeds (dairy meal, bran, hay etc): ………………………………
  
e) Napier grass f) Others: ……………………………………………… 
14. From where do you get your feed stuffs? 
  a) Natural pasture: ……………………………………………………………… 
b) Improved pasture: …………………………………………………………… 
c) Crop residues: ……………………………………………………………….. 
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  d) Commercial feeds: …………………………………………………………... 
  e) Napier grass: 
 f) Others: ……………………………………………………………………….. 
15. How much does it cost you a month to purchase the following: 
 Natural pasture: ……………………Improved pasture: …………………. 
 Crop residues:…………………… Commercial feeds :…………………… 
Napier grass:………………………………………………. 
16. What type of feeding system are you using? 
  a) Zero grazing/cut and carry (no grazing at all, animals are keep at house all the time) 
  b) Semi zero grazing (sometimes housed, sometimes released for grazing, in the same 
season) 
  c) Seasonal grazing (one season housed, one season on grazing) 
   Season in house:………………………………………………………. 
   Season on grazing:…………………………………………………….. 
  d) Open field grazing (on grazing during the whole year housed at night) 
17. At what time do you feed your animals? (quantities if possible) 
  a) Early in the morning b) Midday c) Evening d) other: 
……………… 
18. Where do you graze your animals? (applicable for the local breeds) 
  a) Communal grazing land (an area provided by the authorities for common grazing) 
  b) Along the road reserves c) In crop farms 
  e) Open unoccupied fields/plots (private land not yet occupied) 
 19. What are the reasons for choosing that grazing system? ……………………… 
………………………………………………………………………………………….............. 
………………………………………………………………………………………….............. 
20. What feed supplements do you use in addition to commercial feeds?  
 a) Mineral blocks  b) Salt blocks   
 c) High phosphorous for milking d) Others:……………………………….. 
21.  Where do you store the feeds? 
a) Specially built store b) In one room in the main house 
c) In corner in stable  d) Does not store any buys what is enough for 
daily use 
22. How do you store the feed? 
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a) On the floor  b) On a raised platform c) Other: 
……… 
23. What hygienic practices regarding feed are you applying to avoid any 
contamination of the feed? ………………………………………………………….. 
…………………………………………………………………………………………. 
…………………………………………………………………………………………. 
………* Examine the store to determine whether it is wet or dry 
IV. Water resources 
24. What source of water are you using for your animals? 
  a) The city piped water system b) The nearby river, (name): …………… 
  c) Pond / dams   d) Hand dug shallow wells 
e) Purchased from water vendors (unknown source) f) other:…………… 
25. Do you transport water to the shed or are you bringing the animals to the 
water point? 
  a) Transport water  b) Bring the animals to the water point 
26. What water related problems do you face (if any)? …………………………… 
………………………………………………………………………………………………….. 
27. What hygienic practices regarding water are you applying to avoid any 
contamination by water: ……………………………………………………………. 
…………………………………………………………………………………………………. 
…………………………………………………………………………………………………. 
V. Breed and breeding 
28. What breeds do you keep in your farm? (give names) 
  a) Pure local breeds: …………………………………………………………..  
  b) Pure exotic breeds: ………………………………………………………… 
  c) Crossbreds: ……………………………………………………………….. 
 29. How many animals do you have of each breed group? 
  a) Pure local breeds: ………….. b) Pure exotic breeds: ………………….. 
  c) Crossbreds: ………………………….. 
30. What are the reasons for keeping these breeds? ……………………………… 
………………………………………………………………………………………………… 
31. What breeding techniques do you use? 
  a) Artificial insemination from where do you get the semen:……………. 
  b) Natural matting  c) both (Why?)………………………………… 
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32. If natural matting, where do you get the bull?  
  a) My own bull 
  b) Bull owned in common   How many of you? ………………….. 
  c) From the neighbor   i) for free ii) cost :………………. 
d) Other: ………………………………………………………………………. 
33. How do you handle the calving? …………………………………………………. 
………………………………………………………………………………………………… 
34. What hygienic practices regarding breeding are you applying to avoid 
diseases 
………………………………………………………………………………………… 
…………………………………………………………………………………………………. 
…………………………………………………………………………………………………. 
VI. Milking and milk processing: 
36. Milking techniques:  
a) Hand milking  b) Machine milking 
37. Milking time:  
a) Early morning  b) Noon (1200- 1300)  
c) Early afternoon (3-4pm) d) Evening (6-7pm) 
38. Where do you Milk your animals? …………………………………………… 
39. What are the milking tools?  
a) Warm water  b) Clean towel 
c) Milking jug   d) Milking salve e) strip cup 
40. What hygienic practices regarding milking are you applying to avoid any 
contamination? 
a) wash hand     b) wear gloves  
c) change clothes (a special clothe for milking) d) bring the animal in a special 
area  
e) avoid the presence of any other person f) wash udder  
g)  wash milking utensils   h) use warm water for washings   
  i) others:………………………………………………………………………… 
…………………………………………………………………………………………………... 
If a special clothe is used for milking 
 41. How often do wash the milking clothe 
  a) every day   b) once a week c) once a month  
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d) when it looks dirty  e) never  
42. Where do keep the milking clothe?:…………………………………………… 
43. How much milk on average do you get per day (in litres)……………………. 
44. How do you use the milk on daily basis? 
a) Sold    quantity: ………………….. 
b) consumed at my house  quantity: ………………….. 
c) Given to workers   quantity: ………………….. 
d) given to friends   quantity: ………………….. 
e) exchanged for fodder  quantity: ………………….. 
f) other: ………………………………………………………………… 
45. Do you sell raw milk or do you process it? :  a) raw milk  b) processed 
milk 
46. Where do you process milk? …………………………………………………….. 
………………………………………………………………………………………….. 
47. What are the processing tools? ………………………………………………….. 
………………………………………………………………………………………………….. 
48. What are the different steps for milk processing?  
 
 1……………………………………………………………………………………… 
 
 2……………………………………………………………………………………… 
 
 3……………………………………………………………………………………… 
 
 4……………………………………………………………………………………… 
49. Where do you keep unprocessed milk and for how long? 
…………………………… 
50. What are the different milk products?  
  1…………………………………. 2…………………………………. 
  3………………………………… 4…………………………………. 
51. What hygienic practices regarding processing are you applying to avoid any 
contamination? ………………………………………………………………………. 
…………………………………………………………………………………………. 
…………………………………………………………………………………………. 
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VII. Milk marketing and channels 
53. A) Do you sell your milk directly to the consumers, sellers or to some 
intermediate agents? 
  a) Directly to consumers b) Seller c) Hawkers d) Cooperatives 
        B) At what prices do you sell milk to: (1 litre) 
  a) Directly to consumers b) Seller c) Hawkers d) Cooperatives 
 55. Are you providing the containers or people come with their own recipients? 
  a) My own containers  b) containers of the buyers 
 56. What type of containers do you use? 
a) plastic bags  b) plastic containers  c) metal containers 
  d) others:…………………………………………………………………… 
VIII. Diseases and health care 
57. What are the main animal diseases in your farm? 
  ………………………………, 
Symptoms:……………………………………............ 
  ………………………………, Symptoms 
…………………………………………… 
  ………………………………, Symptoms 
…………………………………………… 
  
58. Have you got a case of abortion in your farm in the past 5 years? 
  a) Yes   b) No 
59. How do you prevent them or cure them? 
……………………………………………… 
…………………………………………………………………………………………………
……… 
60. What human diseases have occurred in your household last year? 
…………………. 
…………………………………………………………………………………………
……… 
61. Are you aware of diseases transmitted from cattle to man? 
  a) Yes  b) No 
62. If Yes, what diseases do you 
know?.................................................................................. 
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…………………………………………………………………………………………
……… 
63. How is brucellosis transmitted to man 
a) Through drinking unpasteurized milk b) Handling aborted fetuses 
c) Contact with infected animal fluids  d) Others:………………………… 
64. What hygienic practices regarding brucellosis are you applying to avoid any 
animal infection? ……………………………………………………………… 
……………………………………………………………………………………….. 
65. Have you got a case of human brucellosis in your household? 
  a) Yes     b) No 
66. What hygienic practices regarding brucellosis are you applying to avoid you 
or your family being infected?........................................................................................ 
…………………………………………………………………………………………. 
………………………………………………………………………………………….. 
67. Have you noted any natural resistance/ tolerance for a particular breed 
regarding brucellosis? 
  a) Yes     b) No 
 68. If yes what are the breeds and diseases to which they are resistant/tolerant? 
…………………………………………………………………………………………………
…………………………………………………………………………………………………
……………… 
…………………………………………………………………………………………………
……… 
69. Are animals vaccinated? …………. If yes, against what diseases? 
………………..... 
…………………………………………………………………………………………………
…….. 
…………………………………………………………………………………………………
…….. 
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Annex 2: Farm observation protocol 
Farmer: ……………………………………..  Farm number: …………………… 
Town: ………………………………………  Ethnic group: …………………… 
Date: ………………………………………..  Religion: ………………………… 
 
Animals: 
Outer appearance:  i) fatty  ii) moderately fatty iii) thin iv) cachexic 
Signs of illness:  i) ecto-parasite  ii) diarrhea  iii) others:……………… 
…………………………………………………………………………………………………. 
…………………………………………………………………………………………………. 
Stable 
Size:  
Construction materiel 
  Walls: a) wood b) roof  c) stones  
  Floor:  a) ground b) cemented  
Location: 
a) in the family house  b) separated from the family house 
Cleanliness: 
a) well b) moderated  c) poor 
Type of housing  
a) Opened area (without roof and walls)    
b) Semi-open (only roof or only walls)   
c) Closed (roof and walls) 
Feed and water 
Feed storage room: 
a) cleanliness:  i) well   ii) moderated  iii) poor 
b) aeration:   i) well  ii) moderated  iii) poor 
Feed kept:  
a) on the floor, (direct contact with the floor) b) on the floor (no direct contact 
with the floor) 
c) in the bags     d) in the containers   
 Feed is   
a) dry     b) wet 
Feeding trough 
a) well clean  b) moderately clean  c) poorly clean 
 
Water resource 
a) water color:   i) well clear ii) moderately clear  iii) poorly clear 
b) water trough: i) well clean  ii) moderately clean  iii) poorly clean 
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Milking  
Milking area:    
i) well clean   ii) moderately clean  iii) poorly clean 
Milking utensils:   
i) well clean   ii) moderately clean  iii) poorly clean 
 Milking clothe 
i) well clean   ii) moderately clean  iii) poorly clean 
 Milk salve i) used  ii) not used   iii) not known 
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